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A BOTANICAL SURVEY IN THE IOWA LAKE REGION OF CLAY 
AND PALO ALTO COUNTIES1 
ADA HAYDEN 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station2 
Received June, 1942 
REASONS FOR THE PLANT SURVEY 
A survey of the plants useful to waterfowl was undertaken in the 
vicinity of Ruthven, Iowa, as a part of a cooperative research program 
which had been initiated in the state-owned wildlife areas and preserves 
located in the lake region of Clay and Palo Alto Counties. The state pre-
serves include chiefly the less arable lands of the two counties which lie 
in the upper half of the Wisconsin Drift Lake Region and comprise about 
1 per cent of the 713,360 acres covered by the two counties. Based upon 
a knowledge of the plants of the region useful to waterfowl, many wildlife 
investigations have been carried on including those of Errington and Ben-
nett (1933), and Errington (1937), Errington and Hamerstrom (1937), 
Friley, Bennett and Hendrickson (1938), Scott and Selko (1939), Scott 
(1940), Sooter (1937), Low (1939 and 1940) , and Spawn (1935). 
Bennett (1938) prepared a map, in which he referred to a tract nine 
sections wide by thirteen sections long in the vicinity of Ruthven as the 
Ruthven area (Fig. 1). This locality, because of the favorable conditions 
afforded by its lakes, swamps, and sloughs, is a center of occupation by 
local waterfowl during the nesting period and by migratory waterfowl 
in season. The diversity of environment in and about the waterways and 
meadows of the Ruthven area affords favorable habitats for native plants 
upon which waterfowl are dependent for cover, food, and building mate-
rials. Not only is it essential to know the identity, abundance, and distri-
bution of plants used by waterfowl in their local breeding grounds, which 
vary in aspects of physiography, drainage, and biotic factors, but inquiry 
should also be made concerning 1the ranges of both plants and waterfowl, 
for regional flora and fauna are limited in their distribution by geographic 
and climatic phenomena. Such considerations should be useful in recog-
nizing the basis of plant distribution for a region, and should afford 
perspective in the field of wildlife management where discrimination must 
be exercised in the introduction of suitable service plants in the artificial 
wildlife preserve. 
This paper reports a summary of observations made during seven 
growing seasons beginning in April, 1934. The list of plants and the 
photographs of plant communities are the original contribution of the 
'Journal Paper No. J-1046 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 366. 
"The Fish and Wildlife Service (U.S. Department of the Interior), Iowa State Col-
lege, Iowa State Conservation Commission and the American Wildlife Institute Coop-
erating. 
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FIG. 1. A MAP OF THE RUTHVEN AREA. 
Preparation. The map was drawn by the Drafting Service of the Agricultural 
Engineering Department of Iowa State College according to the specifications made 
by the writer. It was based upon a composite map constructed by assembling the 
9 X 9 inch contact prints from aerial negatives made by the U.S.D.A. Agricultural 
Adjustment Administration in 1939. The photographic maps were mounted upon a 
masonite foundation to form a composite map including a portion of Clay and Palo 
Alto Counties 8 X 13 sections in size. From this photographic map a tracing was 
made and a map drafted. The names of the physical features were desiglllated after 
consulting the geological maps of Macbride (1901 and 1905), the soil maps of Clay and 
Palo Alto Counties by Stevenson and Brown (1919 and 1922), the maps of the Iowa 
Lake and Lake Bed Survey prepared by the Iowa State Highway Commission (1917), 
the State Highway and Transportation map (1940), and the map of the Ruthven Area 
by Logan Bennett (1938). The physical features which are practically obliterated by 
drainage or other causes are not shown on this map, for example, Rossacker's Slough 
and Elbow Lake. The relative position of the main lakes with their sloughs and 
drainage systems are shown. The term slough may be regarded as a popular term 
for a swamp, marsh, or fen elsewhere defined. This group of lakes drains theoretically 
to the westward through the three branches of Outlet Creek, which flows in a south-
westerly direction into the Little Sioux River. One feature of importance is the modi-
fication of the natural drainage channels shown in the geological maps of 1901 and 
1905. The roads are designated, but the township lines are only suggested as defined 
by the roads. 
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writer. However, a list of plants is useful only as it can be applied to 
related subjects, and therefore, the list is preceded by a discussion refer-
ring to the significance of the plants as constituents of vegetation, as 
members of floras, as physiographic units, and as materials useful to man 
in the art of living, as well as in the pursuits of agriculture. 
LOCATION OF THE UNIT STUDIED 
The territory defined by the political boundaries of Clay and Palo 
Alto Counties was arbitrarily delineated though it constitutes a related 
part of a topographic unit, because this area includes two of the four 
counties lying directly in the Wisconsin Drift Lake District. Between the 
two counties lies a divide in the drainage system known in its north-
westerly extension into Minnesota and the Dakotas as the Coteau des 
Prairies (Calvin 1925 and map of Nicollet 1845) . Palo Alto is drained by 
the West Fork of the Des Moines River with its tributaries and Clay by 
the Little Sioux with its tributaries. Clay, like Dickinson County adjacent 
on the north, is mantled both by Early Wisconsin (Iowan) and Late Wis-
consin Drift (Mankato) (Fig. 2). Palo Alto, like Emmet on the north, 
is covered by a glacial deposit of Late Wisconsin, and the two counties 
through their central north-south axis are dotted by a group of walled 
lakes, potholes, sloughs, and swamps which constitute one drainage unit 
of the Wisconsin Drift District (Fig. 1). The geographic center of this unit 
is defined approximately by the intersection of the forty-third meridian 
north and the ninety-fifth west. 
PREVIOUS STUDIES OF THE NATURAL VEGETATION OF THE 
WISCONSIN DRIFT LAKE REGION 
Accurate comparisons of the vegetation of the surrounding counties 
cannot be made on a basis of previous data, since few intensive studies 
have been made for this region. Not many specimens from Clay and Palo 
Alto Counties occurred in the herbarium of Iowa State College before 
the present survey was begun. Most of these were collected by L. H. 
Pammel. About 100 sheets consisting chiefly of grasses, sedges, and leg-
umes were contributed to the Iowa State College Herbarium by Jess Fults 
while conducting a soil survey in Iowa. In 1934 a gift of fifty plants from 
a more extensive collection was received from Frances and Frederick 
Hamerstrom while they were studying the environment of the Ring-
necked Pheasant in the Ruthven Area. Sheets in the herbarium of the 
University of Iowa, also representing Clay and Palo Alto Counties, are 
few. The collections reported in the annotated list of this paper include 
about 3,000 specimens which are filed in the Herbarium of Iowa State 
College, duplicates of which have been sent to the larger herbaria of the 
United States. 
Comprehensive studies of the flora of Emmet County have been made 
by R. I. Cratty (1882, 1904, and 1905) and B. 0. Wolden (1932) over a 
period of forty years. Aquatic seed plants, as well as the upland flora, are 
represented. The personal collection of Mr. Cratty, upon which his papers 
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are based, is a part of the herbarium of Iowa State College, and dupli-
cates of the extensive collection of Mr. Wolden are also filed there. Conard 
and Wolden (1932) published a key to the Mosses of the Okoboji region. 
Bohumil Shimek collected intensively in Lyon and Dickinson Coun-
ties in this region and reported many of his collections in a series of 
papers dealing with the prairie (1897, 1911, 1915, and 1925). Through a 
period of years the flora of the Lake Okoboji region has been collected, 
deposited in the Herbarium of the University of Iowa, and reported in 
papers by students and staff of the Lakeside Laboratory of the University 
of Iowa at Miller's Bay, Lake Okoboji. A comprehensive study of the 
Algae of Dickinson County has been made by Prescott (1931) and Tiffany 
(1926), and the major aquatic plants of Lake Okoboji have been reported 
by Wylie (1920). 
THE PHYSICAL ENVIRONMENT OF THE VEGETATION 
VEGETATION AND CLIMATE 
The vegetative areas of a region are the product of its past and pres-
ent edaphic and climatic factors. These will be discussed so far as they 
apply to the present problem. However, the selection of some descriptive 
term for the vegetative areas must be made from the many which have 
been used by investigators in this field. 
It is obvious that in the successive efforts to establish the boundaries 
of natural vegetative areas for the United States or for the continent, 
many contributing influences have been evaluated. Meyen (1836) divided 
the horizontal range of vegetation into world-encircling zones determined 
more or less by the temperature of the air. Grisebach (1872) recognized 
the twenty-four separate centers of development, one of which was the 
prairie region. Drude (1890) referred to the Missouri-prairie region in 
North America. Merriam (189'8) described life zones which he referred 
to as boreal, austral, and tropical, which were designated by the plants 
and animals native there. These were based upon the summation of heat for 
the growing season and the average temperature of the six hottest months 
by which isothermal lines were derived. Clements ( 1902) referred to a 
prairie region, Engler (1902) designated a prairie province of Atlantic 
North America with three divisions, the northern, a middle, and a south-
ern zone. Harshberger (1911) evolved a phytogeographic map of North 
America based upon the foregoing in which northern Iowa was described 
with the prairie-great plains region. Shreve (1917) mapped the vegeta-
tion of the United States on the basis of natural assemblages of plants 
which he described in eighteen areas. Northwestern Iowa was represented 
as a lobe of the grassland jutting into the forest-transition zone. 
The map of Livingston and Shreve (1921) was based upon the pre-
cipitation-evaporation ratio (P / E) for the average frostless season. This 
ratio was introduced by Transeau in 1905. In this map the whole of the 
Iowa area was referred to the grassland-deciduous forest transition. 
Shantz and Zon (1924) prepared a map of natural vegetation represented 
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only by distribution of native plants to which they refer as the biological 
unit. In the map of Shantz and Zon, the short-grass prairie was distin-
guished from the tall-grass prairie which appears to be regarded as a 
forest transition. Iowa is referred to the tall-grass prairie. 
Thornthwaite proposed (1931) a new set of climatic provinces for 
North America emphasizing that, since climatic influences must have 
determined soil formation, each climatic province should have its own 
climax vegetation type. He pointed out that his climatic provinces are 
consequently soil provinces as well. In Van Dersal's Treatise on Native 
Woody Plants of the United States (1938), there appears a map of plant-
growth regions prepared by Mulford, which was based upon climatic and 
soil factors, and designated zones or areas having fairly uniform growing 
conditions. The correlation of Mulford's plant-growth regions with nat-
ural vegetation areas has not yet appeared in print. In the characteriza-
tion of the conditions in the growth regions, three main items were 
included for each: the climate, expressed in terms of Thornthwaite's 
climatic provinces, the length of the growing season, and the average 
annual number of days wtih snow cover. 
In this development of the concept of vegetation areas of North 
America, the term prairie has persisted, whatever other descriptive 
names may be applied to Iowa. Prairie it was to the native layman, who 
first looked upon its grassy cover, and prairie it is to the scientifically 
trained person, who judges the area, now nearly stripped of native cover, 
by its climate and soil. Northern prairie is distinguished by its vegetative 
constituents and soil types from the climatically differing southern prairie. 
But various characteristics separate Iowa also into sections which differ 
climatically, edaphically, and vegetatively. 
THE CLIMATE OF NORTHWESTERN IOWA 
Climate is essentially concerned with temperature, moisture, and air 
movements resulting from changes in temperature expressed in some 
degree by a summary of factors pertaining to water and heat. The inter-
action of moisture and temperature working together may be expressed 
as humidity, evaporation, or precipitation. Thornthwaite stated that 
since climatic influences must have determined soil formation, each 
climatic province should have its own climax vegetation type. His climatic 
provinces as applied to this area will be further discussed following the 
climatological data of the Weather Bureau for northwestern Iowa. 
The climate of Clay and Palo Alto Counties is essentially that of the 
northwestern district of Iowa. The direction of the prevailing winds is 
from the northwest, but during the period from the middle of May to the 
middle of September it is from the south to southeast. The aspect of much 
of Iowa has changed from a treeless prairie to a covering of groves and 
shelter-belt trees, averaging possibly 50 feet or more in height, which 
undoubtedly has greatly decreased locally the general wind movement at 
the surface of the ground, and this probably accounts largely for the 
popular impression that the climate is growing milder. Wind velocity is 
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in general highest in the northwestern section of the state, and evaporation 
is proportionately high. The winters are long and often severe; tempera-
ture minima of - 20° to - 36°F. have been recorded. During July, ex-
tremes of 100° and 104 °F. have been recorded by the weather stations of 
these counties. The following climatological data is taken from the U. S. 
Weather Report, Iowa Section (1939, pp. 95-100). It is based on estimates 
for a thirty-five-year period. 
The normal annual precipitation in Clay and Palo Alto Counties is 
28-30 inches. The state average is 31.56 inches. The January normal 
precipitation averages .75 inches for the northwestern section. The average 
for the state is 1.09 inches. January is Iowa's driest month. Normal pre-
cipitation in June for the northwestern section is 4.5 to 5.0 inches. The state 
average is 4.62 inches. Snowfall averages 29.9 inches per year for Iowa, 
reaching as much as 45.9 inches in the north. 
The normal annual temperature for the Clay and Palo Alto sections is 
45°F. The state average is 48°F. In the northwestern section, January is the 
coldest month, and its average normal temperature is 13-14 °F. The state 
average is 18.6°F. For July, the hottest month, the average temperature of 
the Clay and Palo Alto district is 73°F. The state average is 74.6°F. Only 
four years in sixty-seven (since 1873) had a higher average temperature 
than 19'39, which averaged 51.1°F., or 3.1°F. above the sixty-seven-year 
average. 
The length of the growing season based on forty years of data is 150 
days for the Clay and Palo Alto district; the average for the state is 158 
days. The average date of the last killing frost or freeze in spring is May 
10, and the average date of the first killing frost in fall is October 5. 
It is generally recognized that the degree of temperature, the amount 
of precipitation, and seasonal variations of each are the most important 
climatic elements. A proposed index of precipitation effectiveness was 
originated by Transeau in 1905 by using the quotient of total annual meas-
ured precipitation and annual evaporation (P / E) . This principle was 
modified by Thornthwaite (1931) who devised the method whereby the 
precipitation-evaporation quotient (P / E) can be computed, where only 
the mean monthly temperature and monthly precipitation are given. An 
inspection of the foregoing data from the Iowa Weather Bureau indicates 
that northwestern Iowa has a grassland climate since the greater part of 
the yearly precipitation occurs in the summer months and the evapora-
tion (P / E) is low. The map of Iowa showing the original forest cover in 
relation to grass cover (Fig. 3) illustrates the predominance of grass-
land in northwestern Iowa. 
The maps of Thornthwaite (1931) and Mulford (in VanDersal, 1938) 
describe the climate and plant growth regions for Iowa more exactly than 
earlier maps. Thornthwaite's climatic provinces (1931) are based upon 
the factors of humidity, temperature, and seasonal distribution of precipi-
tation. The combination of these three constitute the factor basis for form-
ing a climatic province. The five major humidity provinces are described 
as A (wet) , B (humid) , C (subhumid), D (semiarid), and E (arid). Four 
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subtypes were recognized as limited by the moisture available in differ-
ent seasons. The limiting effect of temperature on plants was expressed 
in the same manner. The data with which he derived the indices and 
ratios by which the provinces are determined were secured by field obser-
vation, vegetative maps, and monographs. The length of the growing 
season and snow cover were taken from the Atlas of American Agricul-
ture. 
An unpublished map constructed by H. 0 . Perkins under the direc-
tion of Dr. J . M. Aikman in 1940 was based upon P / E ratios, length of 
growing season, temperature, and soil areas. It divides the climate of 
Iowa into seven sections, further differentiating the territory which the 
climatic map of Thornthwaite designates as only one; and which the plant 
growth map of Mulford divides into three sections. The distribution of 
native plants of Iowa, particularly those which have indicator values, 
warrant further inquiry into the delineation of climatic sections of the 
state. 
As mapped by Thornthwaite (1931), northwestern Iowa lies in the 
province classified as to humidity, subhumid; as to temperature, micro-
thermal; and as to seasonal distribution of precipitation, adequate at all 
times. It lies in the northern prairie, according to the plant growth 
regions described by Mulford, in the map published by Van Dersal (1938) . 
GEOLOGY OF CLAY AND PALO ALTO COUNTIES 
Only brief references will be made to the glacial history, soils, and 
physiography of this region, which are comprehensively treated by Mac-
bride (1901 and 1905) , White (1870) , Kay and Apfel (1929) , Kay and 
Leighton (1933) , Brown, (1936), Walker and Brown (1936) , Stevenson 
(1919 and 1922) , and others. 
GLACIAL HISTORY 
Though the territory of Clay and Palo Alto Counties lies within the 
northwestern third of Iowa once washed by Cretaceous seas, the Creta-
ceous (Dakota) sandstone lies deeply buried beneath glacial deposits, so 
that its presence is indicated only by the identification of materials secured 
from well borings. There are no exposures of rock any place in either of 
the counties. Four times glaciers have advanced from a northerly direc-
tion across this territory during the Pleistocene Age. The drift of the 
earliest Nebraska glacier appears to have been obliterated by erosion 
processes before the time of subsequent deposits. Records show that de-
posits of the Kansan glacier vary in depth from 30- 60 feet in Clay County 
and from 1-300 feet in Palo Alto County, depending on the extent of pre-
Wisconsin erosion. It consists mainly of blue clay, somewhat sandy or 
mixed with gravel. Small boulders are commonly present. Beneath this 
drift are the pre-Kansan sands. These lower layers of the Kansan deposit 
are the source of the supply of well-water for the region. 
From the deposits of the latest or Wisconsin glacier are derived the 
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rich soils which support the vegetation of the area. The surface of the 
Iowan or Early Wisconsin constitutes the western three-fourths of the 
surface of Clay County. It is a thin drift with a gently rolling mantled 
erosional topography. Some thousands of years later, the Wisconsin 
advanced as a second lobe, known as the Mankato, or Late Wisconsin. 
The drift, a mixture of boulders, gravel, silt, and clay, left by the retreat-
ing glacier varies in depth from a few inches to 150 feet in thickness. The 
greatest depth is reached in the terminal moraine (Altamont), which runs 
in a north and south direction through the western half of Palo Alto County 
and extends along the eastern border of Clay County. So recently did 
the Late Wisconsin melt away that the streams in this region are still 
shallow and meandering, with ill-defined courses and loosely packed 
banks. In the vicinity of the moraine are many shallow drift lakes, kettle-
hole ponds, and marshes. Following the retreat of the Early and the Late 
Wisconsin, the chemical weathering of the drift into gumbotil and related 
materials did not follow, but a widespread black soil was formed. 
THE SOILS 
Drift, Terrace, Swamp and Bottomland 
According to Stevenson and Brown (1919 and 1922), the soils are 
grouped in three classes according to their origin and location. These 
classes are drift soils, terrace soils, swamp and bottomland soils. 
Drift soils are those which are formed from the material deposited 
by the glacier on its retreat, and they contain rock materials from various 
sources, sometimes pebbles and boulders. They cover about three-fourths 
of the area of each county. In Clay County the drift soils include six types 
of the Carrington series, one of Webster, and one of Shelby. The Carring-
ton loam is the most important soil type in the county. Including the steep 
phase, it covers 31.3 per cent of the total area. In Palo Alto County the 
drift soils include three types of the Webster series, four types of Clarion, 
and one type of the Rogers. The Clarion loam is the largest individual 
type of the county, including 37.7 per cent of the area. 
Terrace soils are old bottomlands which have been raised above over-
flow by a decrease in the volume of the streams which formed them, or 
a deepening of the river channels. The terrace soils of Clay County in-
clude two types of the O'Neill series, one of Fargo, and one of Wausheka. 
The O'Neill loam, which is the most important terrace type, covers 8.1 
per cent of the county. In Palo Alto County the terrace soils include two 
types of the O'Neill series, which are both minor in extent. 
The swamp and bottomland soils are those which occur in low, poorly 
drained areas or those found along streams and subject to varying degrees 
of overflow. In Clay County there are two types of the Lamoure series, 
one of the Wabash, and the remainder consists of muck and peat. The 
Lamoure silty clay loam is the most important bottomland soil, consti-
tuting 11.9 per cent of the county. This class of soils in Palo Alto County 
includes one type of the Lamoure series, one of the Wabash, two of the 
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Cass, and the remainder is peat and muck. The Lamoure silty clay loam 
is the most widely represented, covering 14.4 per cent of the whole area. 
PHYSIOGRAPHY 
Topography 
Clay and Palo Alto Counties were originally a part of the uncharted 
northwest prairie, which includes the most elevated portion of the state; 
and yet its highest point of elevation (1,680 feet near Sibley) is only about 
1,700 feet above the level of the sea and only between 1,200 and 1,300 feet 
above the lowest point ( 444 feet) in the state. The highest altitudes of 
Clay and Palo Alto Counties range around 1,400 feet (Table 1). The 
difference in levels is scarcely perceptible to the eye; for much of the 
surface is gently undulatory, knobby in the vicinity of moraines, and occa-
sionally cut by a shallow valley. So slight are the variations in elevation, 
and so little is the view obstructed by trees, that the general impression 
is that of a plain. The morainic hills, which in Dickinson County are so 
conspicuous a feature, terminate rather abruptly at the southern boundary 
of the county, where a high but marshy plain continues southward into 
Clay County for several miles, and is drained to the westward by Meadow 
Brook. To the east, the marshes deepen into lakes. The characteristic 
morainal topography gradually reappears, and the whole eastern side 
of Clay County is covered with typical knobby drift, sometimes showing 
disconnected hills and ridges 150 to 200 feet above the stream valleys. 
Such topography is illustrated in Freeman and Logan Townships and is 
continuous into Palo Alto County, where Ruthven stands high on morainic 
hills at an elevation of 1,413 feet. Toward the southeast, the hills grow 
lower, though the general level is still high. At Gillett's Grove, where 
the hills meet the Little Sioux River, they deflect it almost directly west-
ward, where it courses through great beds of typical Wisconsin drift. 
Macbride (1901) recognized two types of valleys, the constructional 
and the erosional. The constructional valley may have any form or con-
tour such as mere depressions, beds of lakes, imperfectly drained lakes 
largely filled, or tortuous streams. The erosional valley has the form of 
a ditch-a drainage channel shaped by descending waters. In the morainic 
part of the territory the valleys of construction are basin-like and form the 
beds of marshes or lakes. This type is illustrated in the eastern part of 
Clay County by such lakes as Round (Swan), Trumbull, Lost Island, Elk, 
and Mud (Pelican) (Fig. 1). These lakes now are more or less connected 
in periods of high water, but as they existed in natural state, they consti-
tuted natural reservoirs; though they were, also, a part of the sluggish 
drainage system. Erosive processes contribute only to their diminished 
depth. They are characteristic of morainal topography. Series of un-
named marshes and swamps form numerous other constructional valleys 
of lesser extent. 
A notable constructional valley of interest may be seen as one pro-
ceeds south from Elk Lake. There a large valley comes in view extending 
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east and west, in a broad curve of wide expanse across the township. The 
depression lies 100 to 120 feet below the general level. No stream is vis-
ible, but a marsh is found with no perceptible current. In other places a 
small rivulet may be discovered winding back and forth across the level 
bottom land. Other small streams ramify with it, and the valley narrows 
as its mouth is approached until it joins the valley of the Little Sioux, 
where it becomes an erosional channel hemmed in on both sides by pre-
cipitous hills. This valley, with the little stream that wanders through it, 
is called Elk Creek. Its general course is westward, and it receives the 
overflow of Elk Lake by the way of fens and marshes lying in Palo Alto 
County, far east of the point of origin. In 1901 Macbride wrote, "The sides 
of the valley, the banks, for such they really are, are broken by short, 
little, narrow gutters and secondary ravines seaming the grassy sides, 
affording the general impression of very recent erosion. In fact, every-
thing indicates that rapid erosion is going on now. The land is shaping itself 
almost before our eyes. Give us a little time and these abutting banks will 
lose their minatory character; long gentle slopes will take the place of 
bluffs now so steep and forbidding; even the table-land will vanish and 
long, low valleys will lead waters down to the then persistent channel of 
Elk Creek." Such constructional valleys, characteristic of a morainal 
province, occur throughout this region. The hills are not continuous but 
occur in groups, marking, it seems, the local halts and recessions of the 
disappearing ice. However, three distinct types of topography are discern-
able; the groups of hills, the high plains between the streams, and the 
level plains which lie in some places by the streams. 
The eastern half of Palo Alto County is covered by a broad to rolling 
undulating plain, whose surface bearing scattered knobs is not materially 
changed by erosion. Though the country appears comparatively level to 
the eye, it slopes gently to the south. In the western part of the county a 
series of high morainal hills may be seen west of the Des Moines River. 
Chains of lesser height extend northeast of Emmetsburg, Rodman, and 
West Bend. Lying among the morainal hills are lakes of various dimen-
sions including Lost Island, Mud (Pelican), Medium, Silver, Rush, and a 
lake formerly known as Elbow, which is now drained. Adjoining the lakes 
which have well-defined banks are long, low swamps. No streams run 
among the high morainal hills around Ruthven or Graettinger. (Table 1, 
p. 25.) Sometimes the hills are grouped together like miniature moun-
tains a hundred feet high. 
The river valley proper shows a plain topography of a different char-
acter from that of the undulating drift plains to the northeast. Alter-
nating on either side of the river is a gravel plain which lies below the level 
of the general plain, and distinct in structure and position. It reaches the 
hills where they are present and varies from one to three miles in width. 
It is composed of water-laid sand, boulders, and gravel 15 or 20 feet in 
depth, often resting on blue clay. The waters of the present Des Moines 
River never reach this plain, which is the bed of a post-glacial river. On 
its bed are located Graettinger, Wallingford, Osgood, a part of Emmets-
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burg, and Cylinder. This sandy, gravelly plain extends as far as four 
miles north of Cylinder and is three or four miles in width. Its extent 
may be seen from the hill west of the Osgood bridge over the river. 
Reaching across the adjoining surfaces of the Clay and Palo Alto 
territory, a post-glacial lake leaves traces of its history. It is bounded by 
the limits of a wide sand plain. Macbride describes the bed of this lake 
whose low shores may be followed from the territory north of Spencer 
east and south, including perhaps all of Lost Island Lake and the adja-
cent waterways. This post-glacial body of water known as Lake Spencer 
must have received all the drainage from the melting ice in this part of 
Iowa including the areas occupied by the Ocheyedan and the Little Sioux. 
Lost Island Lake was out of the course of drainage and remained deep. 
The deposition seems to have gone on steadily, until the gravel had filled 
up not only Spencer Lake from east of Dickens almost to Everly, but had 
choked up all main streams to the north. Eventually erosion worked 
northward from a pre-Wisconsin channel south of Cherokee and eastward 
by a constructional valley along the present valley of the Little Sioux 
until it cut through at Peterson, forming rapids there and draining the 
marsh in the vicinity of Lynn Grove. At length, erosion channels cut 
through the divide of Wisconsin clay that limited Lake Spencer at Gillett 
Grove, and this post-glacial lake was drained. The bridge in Spencer 
crosses this channel and floodplain. 
Drainage 
The story of drainage in the territory of Clay and Palo Alto Counties 
is largely concerned with the courses of two rivers and their tributaries, 
the Little Sioux and the Des Moines. Their water courses drain the area 
of more or less undulating drift separated by the elevation of the Alta-
mont Moraine, which covers the western half of Palo Alto County and 
reaches into the eastern border of Clay County. This high land consti-
tutes the divide which diverts the run-off from Palo Alto County into the 
Mississippi and the run-off from Clay County into the Missouri River. 
Though many more ponds and swamps still exist in this part of the state 
than elsewhere, the acceleration of run-off by the use of tile and dredge 
ditches has somewhat modified the natural drainage. This with the re-
moval of the natural vegetative covering has changed the water of the 
clear streams and lakes to a turbid condition. 
Though points on the open prairie north and south in Clay County 
show the same elevation, the general slope of the country is toward the 
south. The streams of the region flow south, southeast, or ultimately 
southwest. Clay County is comparatively well drained by the Little 
Sioux River, whose windings cause it to travel over a large part of the 
county. Its tributaries have sluggish currents winding from slough to 
slough. As the Little Sioux enters Clay County near the northeast corner 
of Summit Township, it passes through a broad valley which winds 
through a sandy plain, where it is joined by the Ocheyedan. The waters 
of the two streams flow eastward, where they are deflected to the west 
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by the hills of the Altamont Moraine at the east side of the county. Here 
the stream passes out of Sioux Township into an erosion valley, which 
becomes narrow and tortuous as the stream bed cuts through high banks 
of drift at Gillett Grove and winds southwestward around a lobe of the 
moraine. After five or six miles, it receives the waters of Willow Creek 
and cuts circuitously through the drift out of the county and back up 
through the corner of Peterson Township at Peterson. From the general 
upland level down to the water in the stream at Peterson, the depth is 
190 feet. Upon the steep valley sides no exposure of rock is to be seen-
only the drift, with its occasional boulders. 
In Palo Alto County the valley of the west fork of the Des Moines 
River constitutes the principal drainage channel first formed and exca-
vated by glacial drainage and later partially filled. By the high morainal 
hills of w estern Palo Alto County, the river is diverted to the east until 
just south of Emmetsburg, low morainic ridges change its course east-
ward, where it meets south of Rodman, the West Bend series of hills, 
through which the stream winds its way out of the county. "The pre-
Wisconsin drainage," stated Macbride (1905), "was not very different in 
direction, at least, from that which obtains today. Great ridges of older 
drift are still in evidence, which for ages have been watersheds. The Wis-
consin simply threw these forceful streams into confusion. The uncertain 
course of the Des Moines across these prairies is apparent when one notes 
the often slight character of the obstacle by which the stream has been 
deflected." 
OCCUPATION OF THE REGION BY MAN: BIOTIC INFLUENCES 
EARLY SETTLEMENTS 
The territory of Iowa was the early abode of the Sac, Iowa, Dakota, 
and Fox tribes of Indians, who refused to permit white men to settle. The 
conclusion of the Black Hawk war in 1832 resulted in the cession of thou-
sands of square miles in eastern Iowa, and during the next few years the 
whole of Iowa territory was secured from the Indians by treaties. Per-
mission to settle in Iowa was first granted to the white man in June, 1833. 
The census in May, 1838, showed that the population was 22,859. The Act 
of Congress of 1838 divided the territory of Wisconsin and established the 
territorial government of Iowa by constitution. Until the formation of 
the State in 1846, this constituion was its fundamental law. In 1847, Iowa 
included thirty counties in the southeast section, and the remainder of the 
state was unsurveyed. As settlement moved westward and the hostile 
Indians became more difficult to control, a fort was established at Fort 
Clarke in 1849, later known as Fort Dodge. McCarty (1910), in the His-
tory of Palo Alto County, states at this time no permanent settler had 
entered Palo Alto County. However, as the United States troops, on their 
removal from Fort Dodge in 1854, marched to Fort Ridgely, their course 
took them along the river. One evening they came to a beautiful little 
lake and made their camp in an oak grove upon the shore. This lake is 
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now called Medium Lake. There they remained in Palo Alto County for 
several days on account of a severe storm. Lieutenant Albert M. Lea, of 
the U. S. Dragoons, in his travels and exploration of Iowa (1836) wrote: 
"The Des Moines River and its tributaries afford fine lands, well diversi-
fied with wood and prairie, as far up as I am acquainted with them, some 
fifty miles above the 'Upper Forks.' There is much that is inviting in the 
general character of the country bordering on the Des Moines; level 
meadows, rolling woodlands, and deep forests, present themselves by 
turns. The soil is usually rich and productive; and when there are no 
natural springs there is no difficulty in obtaining water, by digging, at 
almost any point in the highland-prairies.'' 
The first settlement was made in Palo Alto in May, 1855, by the 
families of William Carter and Jeremiah Evans. They came from Benton 
County by ox team and from Fort Dodge followed the dim trail to the 
northwest, known as the "Military Road," where supply wagons of the 
soldiers going to Fort Ridgely had left their marks in the prairie grass. 
These families went as far north along the east border of Medium Lake as 
Jackman's Grove but decided to retrace their steps to West Bend, where 
they began a permanent settlement. On the 31st day of May, 1855, on the 
line between the two claims, the first prairie in Palo Alto County was 
broken with five yokes of oxen. 
The first settlement in Clay County was made in July, 1856, by the 
Ambrose Mead and the Christian Kirchner families, who built cabins in 
the southwest corner township of the county. In 1857 the Indians on their 
way to Spirit Lake, just before the massacre, passed through the settle-
ment and destroyed personal property of these families. After this, the 
settlers in the county left for several months until national troops had 
driven the Indians farther west. 
IMPRESSIONS OF THE CLIMATE, VEGETATION, AND WATER 
In Plumbe's Sketches of Iowa (1839) the climate of this region a hun-
dred years ago is described graphically much as at present by Lieutenant 
Albert M. Lea, who explored Iowa territory in 1836. His picturesque 
language impresses the senses with the seasonal contrasts of temperature 
in a manner which no standard weather report could convey. From the 
same source appears an article concerning the impressions of the traveller 
through the prairie. The following extracts from the pen of Judge James 
Hall refer to the characteristics of Iowa prairie wherever it exists but do 
not apply exclusively to the northwestern area. From such records only 
can an image of the prairie be reconstructed. 
"The scenery of the prairie is striking, and never fails to cause an exclamation 
of surprise. The extent of the prospect is exhilarating. The outline of the landscape 
is sloping and graceful. The verdure and the flowers are beautiful; and the absence of 
shade, and consequent appearance of profusion of light, produce a gaiety which ani-
mates the beholder. 
"It is necessary to explain, that these plains, although preserving a general level 
in respect to the whole country, are yet in themselves not fiat, but exhibit a gracefully 
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waving surface, swelling and sinking with an easy slope, and full, rounded outline, 
equally avoiding the unmeaning horizontal surface, and the interruption of abrupt and 
angular elevations. It is that surface which, in the expressive language of the country, 
is called rolling, and has been said to resemble the long, heavy swell of the ocean, 
when its waves are subsiding to rest after the agitation of a storm. 
"It is to be remarked, also, that the prairie is almost always elevated in the 
center, so that in advancing into it, from either side, you see before you only the 
plain, with its curved outline marked upon the sky, and forming the horizon; but on 
reaching the highest point, you look around upon the whole of the vast scene. 
"The attraction of the prairie consists in its extent, its carpet of verdure, and 
flowers, its undulating surface, its groves, and the fringe of timber by which it is 
surrounded. Of all these, the latter is the most expressive feature-it is that which 
gives character to the landscape, which impar ts the shape, and marks the boundary of 
the plain.... Where the plain is large, the forest outline is seen in far per-
spective, like the dim shore when beheld at a distance from the ocean. The eye 
sometimes roams over the green meadow without discovering a tree, a shrub, or any 
object in the immense expanse, but the wilderness of grass and flowers; while, at 
another time, the prospect is enlivened by the groves, which are seen interspersed like 
islands, or the solitary tree, which stands alone on the blooming desert. 
"In the summer, the prairie is covered with a large coarse grass which soon 
assumes a golden hue, and waves in the wind like a ripe harvest. The first coat of grass 
is mingled with small flowers; the violet, the bloom of the strawberry, and others of 
the most minute and delicate texture. As the grass increases in size, these disappear, 
a-id ethers, taller and more gaudy, display their brilliant colors upon the green sur-
face, and still later, a larger and coarser succession appears with the rising tide of 
verdure. A fanciful writer asserts that the prevalent color of the prairie flowers is, 
in the spring a bluish purple, in midsummer red, and in the autumn yellow. This is one 
of the notions that people get, who study nature by the fireside. The truth is that the 
whole of the surface of these beautiful plains, is clad throughout the season of verdure, 
with every imaginable variety of color, from grave to gay. It is impossible to conceive 
a more infinite diversity, or a richer profusion of hues, or to detect the predominating 
tint, except the green, which forms the beautiful ground, and relieves the exquisite 
brilliancy of all the others. The only changes of color observed at the different 
seasons, arise from the circumstances, that in the spring the flowers are small, and 
the colors delicate; as the heat becomes more ardent, a hardier race appears, the 
flowers attain a greater size, the hue deepens; and still a later succession of coarser 
plants rise above the tall grass, throwing out larger and gaudier flowers. As the season 
advances from spring to midsummer, the individual flower becomes less beautiful 
when closely inspected, but the landscape is far more variegated, rich, and glowing." 
Reference is made to the clearness of the streams and lakes in a letter 
written by a citizen of Ohio who compares the streams of Illinois as impure 
and muddy, but refers to the "bright transparency of the Des Moines," in 
his description of the rivers. In the Geology of Iowa, White (1870, v. 2) 
refers to the "numerous small lakes of clear water, resting in shallow 
depressions in the drift." As late as 1909 Gillespie and Steele refer to the 
Little Sioux as a beautiful stream of serpentine windings throughout 
seventy-one miles with waters that are clear and silvery, running over 
rocky and sandy beds. 
CHANGES PRODUCED BY CULTIVATION 
In the eighty-six years which have passed since the first settlement of 
white men marked the breaking of sod and the thirty years which have 
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elapsed since the waters have been described as clear, many changes 
have taken place in the vegetation, soil, and water. The Indian, who re-
moved from the basic natural resources only what he had used for sub-
sistence, has vanished. His race has been replaced by one which has 
removed the native cover from the soil without caution, permitting the 
unrestricted passing of the rich surface soils into the lakes and the sea. 
Though the extent of deposition of Iowa soil in the Gulf of Mexico has 
not been recorded, data, reported in the meandered stream survey of the 
Second Report of the Iowa State Planning Board (1935) , show that the 
lake beds have been filled with silt from a depth of 10 to 30 feet. Early 
records of vegetation are scarce. However, White (1870) states that wild 
rice abounded aro~nd the borders of lakes of northern Iowa. This plant 
is now rarely seen in the lakes of the region and is with difficulty intro-
duced. 
The lakes and rivers which once teemed with apparently inexhaust-
ible supplies of fish, must now be skillfully stocked and tended by a staff 
of trained workers, in order to maintain for the citizens the sport of fish-
ing. Doubtless the cooperative interest of all Iowans to reduce the pollu-
tion and silting of streams would in a measure restore the productivity 
of earlier times and afford better playgrounds for the people. 
NATIVE COVER OF STATE PRESERVES COMPARED WITH ADJACENT AREAS 
In the well-preserved forest in Wanata State Park along the Little 
Sioux at Peterson, and at Estherville along the Des Moines River in 
notably rough topography, an observer may see that moisture is conserved 
by the accumulated vegetative material deposited annually by large num-
bers of native wild plants, where they occupy all soil space as they live in 
locations best suited to their needs. Not only do these plants persist, 
sharing selectively light, space, soil water, and inorganic food, but they 
propagate themselves and replace essential elements in the soil. The pat-
tern of their grouping serves as a model to the student of landscape 
decoration who would employ the native plant in home and wayside 
planting. 
Contrasting with these rare but well-preserved forests are the denuded 
hills along the course of the Des Moines in Palo Alto County and the Little 
Sioux in Clay County. Where vegetation has been removed from steep 
surfaces, top soils have been destroyed by erosion. Moisture-holding 
organic matter is scarce, ground cover has been destroyed, and the soil 
does not support adequate pasture herbage. Where the river has been 
diverted into the dredge ditch, the water swiftly bears the silted load 
from the county, and after flood times the ground grows rapidly dry with 
a permanently lowered water table. 
Controlled experimental tillage has demonstrated that soils may be 
retained in place in level to rolling and even hilly topography by use of 
terracing, grassed waterways, and vegetation-covered stream banks. How-
ever, much rough country, both woodland and grassland, can profitably 
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be conserved for maintenance of wildlife and also to illustrate the native 
cover which has been so effective in the building of Iowa soil. Such tracts, 
where cover remains undisturbed, serve as a safeguard against erosion 
of adjoining tillable lands. 
The northern prairie soils, so named becase they are the climatic-
vegetative product of past ages, are not everlasting. Cultivation removes 
replacable elements from the soil; but grassless, shallow waterways across 
fields, and streams bordered with vegetationless banks remove by erosive 
processes heavy annual loads of regional resources and leave, if un-
checked, a prospect of poverty where abundance formerly prevailed. The 
barreness of abandoned farms of New England and southern United 
States illustrates this condition. Even in southern Iowa irreparable dam-
age has occurred. 
Though erosive processes in the Wisconsin Drift Area have been 
relatively slight in the course of hundreds of years before the settlement 
of the region, in the past century great inroads have been made upon its 
natural resources. However, the interest of Boys' and Girls' Clubs in 
ground cover will doubtless become a part of the consciousness of the 
future farmer concerning the value of native cover, and not only will 
protective methods be employed in the tillage of arable soil, but the 
waste of soil resources will be curbed by retaining, wherever possible, 
the natural vegetation so well fitted to endure the climatic conditions in 
which it has persisted. 
THE NATURAL VEGETATION 
THE ORIGIN AND DEVELOPMENT 
PHYSIOGRAPHIC DISTRIBUTION OF VEGETATION 
The level of this terrain is not significant in terms of altitude, since 
the highest point is only about 1,400 feet above sea level (Table 1). 
Nevertheless it has the aspect of a tableland. The evolution of any climax 
vegetation unit is the product of a long period of time under cumulative 
climatic influences, but its local distribution is closely correlated with 
the physiographic features within its limits. The localized physical en-
vironment of plant communities has been shaped in past ages, partly 
through the sculpturing of ice and the sorting processes of water, and in 
more recent times by the work of water of precipitation through leaching 
and further erosive action. Organic changes in soils, governed by the 
accumulation of generations of plant materials are, in part, influenced by 
the presence of water, micro-organisms, and aeration; but the relative 
availability of water is a critical factor in limiting vegetation. 
Through the climatic limitations of humidity, the climax vegetation 
of the true prairie conforms in the course of vast periods of time to a 
changing pattern, which is a series of stages originating in water and 
therefore known as the hydrosere succession in which a balanced type of 
climax grassland replaces all earlier stages. The following discussion will 
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define the concepts of vegetative units and communities elsewhere re-
ferred to in this paper. 
HYDROSERE ORIGIN OF CLIMAX PRAIRIE 
Physiographic Environments of the Hydrosere 
The character of the aquatic plants of the grassland (prairie) is de-
pendent on the origin and nature of the bodies of water in which they 
grow. Since the aquatic and subaquatic habitats ~re less easily accessible 
and utilizable than the plains and hill slopes of the dry land, man has left 
the lake, marsh, and river vegetation relatively undisturbed so that it is 
possible to trace the beginning steps of hydrosere succession more readily 
than it is possible to trace the end stages found in the fragments of true 
prairie. 
A variety of physical environments are encountered. The immaturity 
of the drainage system accounts for the series of upland lakes intermit-
tently connected with undeveloped drainage channels, which circuitously 
wind their way to the more definitely developed erosion channels of the 
two river systems whose branches originate in the divide established by 
the Altamont Moraine. There are at least three sources of water: the 
shallow lakes whose waters are relatively static, kettle holes and ponds; 
the rivers and streams whose waters have currents; and the upland 
springs, on hilltop or hillside, whose source is subterranean water. Adjoin-
ing the margins of these three types of water bodies are areas referable 
to swamp, marsh, or fen, in which water is less constant. 
The elevated position of the upland lakes in relation to the altitude 
of the river channels may be seen by reference to the following table of 
altitudes of several towns in Clay and Palo Alto Counties. 
Ruthven-1,413 
Everly-1,386 
Langdon-1,371 
Spencer-1,319 
Ayrshire-1,293 
TABLE 1 
ALTITUDES IN FEET ABOVE TIDE 
Crippen-1,265 
Peterson-1,238 
Emmetsburg-1,234 
Curlew-1,222 
Mallard-1,198 
West Bend-1,197 
Cylinder-1,194 
Rodman-1,193 
Greenville-1,091 
Cornell-1,089 
The preceding data are taken from Gannett's Dictionary of Altitudes 
in the United States (1899) and from figures of the Minneapolis and St. 
Louis Railroad in the Geology of Clay County (Macbride 1901). It may 
be noted from the data in the table of altitudes that there is a difference 
of about 200 feet in the elevation about Ruthven where the highland lakes 
of the moraine are grouped and the elevation of Emmetsburg which is 
located on the post-glacial terrace of the Des Moines River. Medium 
Lake, whose southern margin lies about a mile from the river channel, 
lies in a plane 50 feet above the river bed, just north of Emmetsburg. The 
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altitude of Ruthven which is located on the moraine is considerably 
higher than the altitude of the towns on the drift plains. 
LIFE FORMS AND ZONATION OF AQUATIC VEGETATION 
Submerged, Partly Submerged (Floating Leaf), Reedswamp, and Free-
Floating 
Hydrophytic plants, with reference to the emergence of their parts 
from the water, may be distinguished in several categories: submerged, 
illustrated by Ceratophyllum and Utricularia; the floating-leaf, by 
Nymphaea and Potamogeton; and aerial-leaved or reedswamp, by Typha 
and Phragmites-all of which are rooted in soil. Since these plants occupy 
differing depths of water, they are usually zoned, though they may extend 
into water a meter in depth, or toward the land into wet soil. Where the 
water table is not far below the surface of the soil, plants with submerged 
shoots having aerial leaves which do not float, but rise into the air, occur, 
for example, Sagittaria and Alisma. These are intermediate between the 
species with floating leaves and the partly submerged reedswamp plants 
whose leaves are mostly aerial. Besides these life forms, there are the 
plants which are not rooted in the substratums, but free-floating in the 
water, and the vegetative shoots of these may be completely submerged, 
or their leaves may float on the surface, as illustrated by Lemna and 
Spirodela. 
STAGES IN THE HYDROSERE SUCCESSION 
These different life forms characterize successive stages of the hydro-
sere. The submerged plants are the pioneers, and as the soil level is 
gradually raised toward the water surface by the accumulation of organic 
debris resulting from the death of individual plants, or by inorganic silt-
ing or by both together, they are succeeded by the plants with floating 
leaves, and these in their turn by reedswamp dominants, until the soil 
level reaches the water level and aquatic vegetation gives place to marsh 
(or fen) . The particular communities entering into the sere depend upon 
a variety of conditions, such as the nature of the original substratum, the 
amount and nature of silting, and exposure to current or wave action. As 
the water becomes more shallow, it is quieter and warmer. Increased 
protection is afforded, and the conditions are more uniform, so that the 
floating leaf dominants are less various than those of the submerged com-
munities. The marsh or fen plants, as the substratum dries, may be suc-
ceeded by sedge meadow, wet meadow, prairie climax, and in sheltered 
places, patches of forests. 
Early Hydrosere 
It is difficult to distinguish the lake from the bodies of water asso.: 
ciated with it in evolutionary sequence, since a lake may approach, by 
gradual filling in with vegetation and silting, the stages of swamp or 
marsh. In the following discussion, the definition of Forel (1892, in part) , 
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will be adopted for a lake and the concepts of Tansley (1939) for swamp, 
marsh, and fen. The term fen has been confined mostly to European liter-
ature in the past, but its counterpart seems recognizable in North Ameri-
can territory. • 
Lake. A lake is an inland body of standing water occupying a basin. 
Pond. A pond is a lake of slight depth. 
In the lake or pond environment, qualities of the water are more 
significant in their effect upon the plants which grow there than are the 
qualities of its soil. The following include some of the limitations in an 
environment of water which conditions the available supply of light, air, 
heat, and food, both mineral and organic, according to Tansley (1939). 
The supply of water is ample in small lakes and ponds except in times of 
drought. Green plants are subject to the hazard of deficiency of oxygen 
and carbon dioxide as well as mineral nutrients. Rooted aquatics have 
been shown to be more dependent on nutrient ions absorbed from the soil 
than on absorption of these from the water surrounding their shoots. 
Rooted aquatic vegetation, therefore, varies very much in amount and 
composition according to the nature of the substratum below the water, 
and this usually depends upon the presence, absence, and the composition 
of silt. Floating plants are entirely dependent upon the water itself for 
all of their supplies, and since different waters contain very different 
amounts of dissolved substances, floating vegetation may be scarce or 
absent. Decreasing light intensity limits the depth to which green plants 
can descend on a lake bottom and some can exist with less light than 
others. Apart from light, the two chief factors affecting aquatic vegeta-
tion are the presence or absence of sufficient dissolved oxygen and the 
deficiency or the adequacy of the mineral salts derived from silt. Where 
abundant green vegetation has been able to establish itself, photosyn-
thesis amply covers the supplies of oxygen necessary for the respiration 
of both plants and animals, but in poorly vegetated lakes and rivers the 
oxygen supply depends largely on solution by currents and wave action. 
Silt is also one of the most abundant factors, except in ponds situated in 
rich mineral soil, where abundant nutrients are always present and the 
floor is covered by a rich organic mud composed of rain wash mixed with 
humus derived from decayed plant remains. Unless the water is defi-
nitely fouled from any cause, a luxuriant aquatic vegetation is main-
tained. A pool of similar size in a district of hard rock or sterile sand may 
support a very limited vegetation of specialized type, or be almost barren 
of life. 
River. Rivers are subject to less variation than still waters in such 
factors as temperature and dissolved gases which are critical for the 
existence and luxuriance of vegetation, but when floods bring down much 
silt, sweeping away existing vegetation, and increasing turbidity, condi-
tions favorable for the growth of vegetation may change completely in a 
short time. The vegetation of rivers with a very slow current flowing 
through alluvial soils resembles that of canals and of ponds and small lakes 
situated in similar soils. The rate of flow is one factor in the supply of 
dissolved oxygen. 
Fie. 4. Upland prairie in June. New Jersey tea (Ceanothus ovatus) and compass plant (Silphium laciniatum) in 
Stipa-Sporobolus grassland. 
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FIG. 6. Erosion valley of the Little Sioux River above Wanata State Park at Peterson, Clay County. Oak-hickory-
maple forest on the protected side of the valley ; bur oak in valleys of exposed hills ; oxbow cutoff pond in foreground. 
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Those communities intermediate between water life forms and land 
life forms are distinguished as follows: 
Swamp. Swamp is the type in which the normal summer water level 
is above the soil surface. It is usually dominated by such plants as Phrag-
mites, Scirpus, or Fluminea. When the soil level rises to or above the 
water level, marsh plants begin to colonize the swamp, though Phragmites 
by means of its rhizones often persists into wet grassland associations. 
Marsh . Marsh is the term applied to a soil-vegetation type in which 
the soil is waterlogged, the summer water level being close to, or con-
forming with, but not normally much above, the ground level, and in 
which the soil has an inorganic (mineral) basis. Marshes commonly oc-
cur along river banks or on the shores of lakes and on the undrained flood-
plains of rivers, and its mineral soil often consists of alluvial silt, but 
marsh exists wherever mineral soil is waterlogged, irrespective of its 
origin. Marsh vegetation is commonly zoned around or along any per-
manent body of water, unless the bank is very steep so that the soil is not 
waterlogged, for example, Phalaris arundinacea, Alopecurus aequalis, 
and Ranunculus cymbalaria. 
Fen. Fen is the term applied to a waterlogged soil vegetation type in 
which the soil is organic (peat) but is somewhat or decidedly alkaline, 
nearly neutral, or somewhat, but not extremely acid. The vegetation of a 
fen is similar to that of a marsh. Where periodic mineral silting is more 
or less absent, the soil is mainly or entirely organic from the outset, and 
where the supply of basic ions is adequate the kind of vegetation succeed-
ing the reedswamp is typical fen. The organic soil is formed by the decay 
of the plant debris under relatively anaerobic conditions, and is therefore 
peat. Fen peat is formed where the ground water drains from, or is in 
contact with limestone or marls and thus contains abundance of calcium 
which neutralizes the organic acids and may render the reaction distinctly 
alkaline. This condition is illustrated in the vegetation of the upland, hill-
side springs of the upland prairie. These communities have been referred 
to as "hanging bogs." In this environment the alkaline water runs through 
characeous marl, not limestone. Fen plants form black peat, usually 
structureless, which differs widely from moor or bog peat in its general 
characters and reaction. 
Where the relation of water level to soil level remains approximately 
stable, marsh (or fen) represents an edaphic climax. But if from any 
cause the soil surface is progressively built up above the water level or 
the water table is lowered so that the root systems of the plants are better 
aerated, the marsh (or fen) vegetation gives way to a more completely 
terrestrial type-ultimately to a climatic climax, which in the Clay-Palo 
Alto region is grassland. 
Late H ydrosere 
Vegetation of soil communities is described by the terminology of 
Weaver and Clements (1920). 
Sedge meadow. It is the tendency of reedswamp plants to shade the 
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surface of the water and to build up shores by retaining the sedimentary 
materials washed into the water by the rapid accumulation of plant 
remains, but as the depth of water is decreased, cat-tails, bulrushes, and 
their associates develop less rapidly, and other species invade their terri-
tory. The increasing amount of light in this environment favors the 
growth of Carex (sedge), Juncus (rush) and Eleocharis (spike-rush) 
which soon form a dense sod. Such habitats are covered with water in 
spring and early summer, but later in the year the surface water recedes, 
leaving the soil saturated. Then, as the soil dries, many herbaceous species 
invade the Carex-Juncus-Eleocharis zone. Among these are Mentha 
(mint), Teucrium (germander) , Stachys (hedge nettle), Lycopus 
(Bugleweed) , Caltha (marsh marigold), Cicuta (water hemlock), and 
others (Figs. 31 and 32) . 
Wet meadow. As the sod is established dominant grasses which tol-
erate drier conditions invade the territory, among which are Spartina 
pectinata (slough grass) , Calamagrostis canadensis (reed bent grass), 
Andropogon furcatus (tall bluestem), Elymus canadensis (canada rye), 
and Panicum virgatum (switch grass). In spaces between the grass 
colonies grow conspicuous-flowered herbaceous plants such as Phlox, 
Anemone, Thalictrum (meadow rue), and Zygadenus (Fig. 9) . 
Prairie climax. In the more highly developed soils with better drain-
age and increased organic material, the dominant grasses include Stipa 
spartea (porcupine grass), Andropogon scoparius (little bluestem), 
Bouteloua curtipendula (side-oats grass), Koeleria cristata (June grass), 
Sporobolus heterolepis (prairie dropseed), and numerous subdominant 
plants such as species of Helianthus (sunflower), Solidago (goldenrod), 
Liatris (blazing star), Lespedeza (tickseed), and Petalostemum (prairie 
clover (Figs. 4 and 5). 
Along the Des Moines River, on protected aspects of the Little Sioux 
River, and on lake borders, the sedge stage of the hydrosere is followed 
by shrub and tree stages. 
Shrub stage. The shrub stage is represented by Symphoricarpus occi-
dentalis (snowberry), Amorpha fruticosa (false indigo), Sambucus cana-
densis (elderberry), and species of Cornus, Rubus, and Ribes. 
Tree stage. The tree stage includes various phases in the develop-
ment of the oak-hickory forest with willows widely distributed along 
prairie waterways and hickory represented only by Carya cordiformis 
(bitternut) (Figs. 6, 13, and 28). 
NATURAL VEGETATION AREAS, REFUGES, AND RESERVES OF THE CLAY-
PALO ALTO LAKE REGION 
NATURAL AND PLANNED GAME PRODUCTION AREAS AND REFUGES . 
Since the lakes and their adjacent territory include areas least modi-
fied by the industry of man, it is in and around them that the native flora 
is most widely preserved (Figs. 5 and 12). In these tracts and others now 
constituting parts of privately owned farms, a survey of plants useful to 
waterfowl has been made. Through the courtesy of officers of the Mud 
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FIG. 8. A dry pond populated with narrow-leaved cat-tail (Typha angustifolia), 
slender bulrush (Scirpus heterochaetus), with ground cover of common cocklebur 
(Xanthium italicum) . Dewey's Pasture, Palo Alto County. 
F~G . 9. A labyrinth of swamps alternating with upland prairie in Dewey's pasture. 
Wet meadow borders the swamp. 
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FIG. 10. A meandering, intermittent stream which connects Mud Lake with Trum-
bull through Smith's Slough. The waterway is marked by bur-reed (Sparganiu.m 
eurycarpu.m), bordered by reed-meadow grass (Glyceria grandis). 
FIG. 11. Greater bur-reed (Sparganium eurycarpu.m) in fruit. 
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FIG. 12. Upland prairie above Virgin Lake. Side-oats grass (Bouteloua curti-
pendula) and rigid goldenrod (Solidago rigida). 
FIG. 13. Peach-leaved willow, green ash, and red elm on the walled bank of Lost 
Island Lake. Shallow pond at left during a period of high water. 
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FIG. 14. The gravel bank on the northeast shore of Lost Island Lake which marks 
the post-glacial waterway between Lost Island and Mud (Pelican) Lakes. 
Frc. 15. The ice-built, boulder-walled, south shore of Lost Island Lake. 
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Lake Fur Farm it was possible to include Mud (Pelican) Lake in the 
survey.3 Farmers of the region have cooperated by furnishing to the 
writer local information, as well as permission to work upon their prem-
ises. Some of the areas less valuable for agriculture are now preserved 
by the state as game production areas, or wildlife refuges (Fig. 7). Table 
2 shows some of the comparative characteristics of state-owned areas and 
their uses as designated by the State Conservation Commission. In order 
to compare the plants found in the Ruthven Area with those of the sur-
r ounding territory, the flora of the entire two counties was surveyed, 
and observations, not reported here, were also made for the northwestern 
section of Iowa. 
This series of shallow lakes with the sloughs and intermittent streams 
which connect them served formerly as troughlike drainage ways in 
periods of high water (Figs. 9 and 10). The slow release of water by the 
intermittent waterways tended to maintain the stability of the ground 
water table which was formerly several feed higher than it is today. The 
drainage at the present time is modified somewhat by the construction of 
dredge ditches and tiling which accelerates the rate of runoff from sur-
rounding territory. The acceleration of runoff, with the removal of cover 
from the soil, probably accounts for the heavy deposits of silt in the lakes, 
mentioned in the Second Report of the Iowa State Planning Board (1935) . 
The Evolution of Local Maps 
The lakes of Clay and Palo Alto Counties have been variously repre-
sented in the early maps. The map of Nicollett in 1845, which was the 
seventh map of Iowa Territory, showed only Lac des Esprit and Lizard 
Lake for northwestern Iowa. A map by Johnson and Browning, published 
in 1859, was the first to insert the group of lakes in Clay and Palo Alto 
Counties. They were undifferentiated, and the body of water was called 
Lake Palo Alto. 
In the map of J. H. Colton the main lakes were separated but not 
named, and the rivers were not shown. The township map of G. Woolworth 
Colton in 1863 represented the present Trumbull and Round Lakes as one 
body, unnamed. It was not until 1830 that the name, Lost Island, was iden-
tified with Lake Palo Alto; Trumbull and Pelican (Mud) Lakes were 
named for the first time. The plats of the First Government Survey 
(1868) indicated a waterway about one-fourth of a mile wide joining 
Mud (Pelican) and Lost Island Lakes on the northeast border, where the 
present gravel bank is located, on the shore of Lost Island Lake (Fig. 14). 
The maps of the geological survey (Macbride, 1901 and 1905) show 
' Mud Lake (Pelican Lake), just north of Lost Island Lake, covers an area of 
560 acres with a watershed of about 15,800 acres, according to the Iowa Lakes and 
Lake Beds Survey (1917). The sources of its water are a small stream entering the 
lake through swamps at its east side, intermittent streams from Dewey's Pasture, and 
lake-bed springs. In wet seasons, water flows through the dammed outlet under the 
highway on the west side of the lake into Smith's Slough, and from there into Trum-
ball Lake. The sand and gravel of the lake bed are mostly covered by silt and organic 
detritus. The lake is seldom more than 2 feet in depth. 
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clearly the intermittent character of the connective streams and main 
swamps. The maps of lakes, prepared by the Highway Commission 
(1917) to accompany the report on Iowa Lakes and Lake Beds, exhibited 
greater detail than earlier maps. They recorded depth of water and con-
tours of adjacent land. In the composite map prepared by Logan Bennett 
(1938), showing further modifications of the Ruthven Area, the former 
positions of Elbow Lake and Rossaker's slough are marked. These water-
ways are now converted to agricultural uses and, therefore, were not 
shown on the map of the Ruthven Area prepared in 1940 (Fig. 1). 
The Glacial Lakes of the Altamont Moraine 
Physiography. This cluster of hard-water lakes may be grouped in 
two classes with reference to the water as it affects vegetation: (1) lakes 
with open water including Lost Island, Silver, Medium, Virgin, Elk, 
Pickerel, and Rush; and (2) shallow, reedy lakes illustrated by Round 
(Swan) , Mud (Pelican) , and Dan Green Slough (Figs. 7 and 30). The 
open water lakes are subject to wave action, which is most pronounced 
in the deeper bodies of water such as Lost Island and Virgin Lakes (Figs. 
12 and 16). This group is also characterized by walled banks; these are 
typical of the shallower glacial lakes which freeze to the bottom around 
the shores or throughout. The formation of the walls are described by 
White (1870). Material consisting of boulders, gravel, sand, or mud is 
carried toward shore and left forming a ridge where the expansive power 
of the ice ceases. Lost Island, Silver, Elk, and Virgin exhibit walls of 
very regular rip-rapping, reaching 10 or more feet in height (Fig. 15) . 
Drainage. The group of lakes of the Ruthven Area is situated at the 
edge of the Altamont Moraine, and all drain to the west, through Outlet 
Creek, into the Little Sioux River. Macbride observed that to the west 
of them there are not high protecting mounds, but that their marginal 
position is subject to over-wash deposits of sand and gravel from the edge 
of the retreating ice. This accounts for the shallowness of Mud (Pelican) 
Lake and for the series of swamps and marshes through which these lakes 
find an outlet. The income and outgo of water into the lakes varies with 
the seasonal water level for the region. Sometimes the water from the 
outlets runs into the lake until an equilibrium is reached. A dam con-
structed at the west end of Lost Island Lake to keep the water from run-
ning out through the theoretic outlet, actually kept the water from enter-
ing; and when a channel was made in the earthen retaining wall, water ran 
in from the outlet raising the level of the lake several feet. Most of the 
lakes now have cement spillways. 
During the drouth of 1933 and 1934, the unusually dry swamps of the 
Outlet of Lost Island Lake were transformed into sedge and grass-meadow 
associations, but in the course of five years, they have undergone rever-
sion stages from sedge and grass meadow to swamp and marsh (Figs. 18 
and 19). Correspondingly shallow bays of Lost Island Lake, which had 
borne reedswamp stages of vegetation, reverted to open water, and the 
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F:c. 16. Lost Island Lake in action. South Ehore. 
F-r:. 17. A zone c£ cottor:w oo:ls and willows growing on the south sho:e of Lost 
Island Lake in 1934- 37, were removed by wave action during the high water level 
of 1938. 
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FIG. 18. The Outlet of Lost Island Lake during a period of drouth. Narrow-leaved 
cat-tail. (Typha angustifolia) and common reed grass (Phragmites communis) extend-
ing their domain over the dry marsh floor, which is mulched by dried algae. 
--
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FIG. 19. Outlet of Lost Island Lake, in swamp stage. 
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lake bed again supported rooted, submerged vegetation. Zones of willows 
and cottonwood succumbed to wave action and disappeared as the 40 feet 
of sandy beach was again covered by water and the waves beat again upon 
the boulder-walled banks (Fig. 17). 
Vegetation. The flat-bottomed open lakes like Trumbull, Elk, and 
Silver support much submerged vegetation such as Narrow-leaved Pond-
weeds (Potamogeton and Najas). In shallow bays, where the s tanding 
water is clear, and in the shallow lakes such as Round and Mud occur 
other stages of emergent vegetation (Figs. 20 and 22). The chief floating-
leaved species is the American pondweed (Potamogeton americanus). 
Free-floaters are represented by the duckweeds including Lemna, Spiro-
dela, and Wolffia. The partly emersed and partly air"leaved plants include 
species of Sagittaria cuneata, S. latifolia, Al'sma subcord~tum, and Lophc-
tocarpus calycinus. Among the plants of the reedswamp stage are the pale 
great bulrush (scirpus heterochaetus) and the soft-stemmed bulrush (S. 
validus) near the shores or in shallow ponds and swamps, associated with 
the narrow-leaved cat-tail (Typha angustifolia) (Fig. 8), and the reed 
grass (Phragmites communis) in deeper waters. These silt-bottomed 
lakes which support rooted vegetation have little wave action and are 
very clear. They sustain a luxuriant vegetation providing food, cover, 
and nest-building materials for waterfowl, which frequent such communi-
ties. The clearness of the water may be accounted for by the presence of 
rooted vegetation which anchors the silt. 
The vegetation seldom remains static, for variations in the water level 
result in succession stages. Muskrats periodically clear areas of the reed-
swamp vegetation, which is usually replaced by a crop of pondweeds, 
either submerged or floating. Very low water revealing mud flats favors 
marsh colonies of smartweeds (Polygonum) (Fig. 24), Lophotocarpus, 
and such annual land plants as barnyard grass (Echinochloa crusgalli), 
species of spike rush (Eleocharis), and red goosefoot (Chenopodium 
rubrum). Temporary fluctuations in water levels merely produce rota-
tion of water crops, which should provide a variety of food plants, but 
change the relative position of the cover plants. 
Around the lakes are terraces whose sandy and gravelly soils mark 
the position of shores during higher post-glacial water levels. Here grow 
certain species of plants which are typical of lake shore, among which are 
the Baltic rush (Juncus balticus var. littoralis) and the rayless aster 
(Aster angustus). 
THE PRAIRIE 
On the windward side of the lakes, few or no trees grow. The pre-
vailing winds, and particularly those of winter, are from the northwest. 
Commonly the grass-covered banks occur on this side. An occasional 
section of natural prairie occurs in the northwest of Iowa, but an area 
that large is seldom seen in Clay and Palo Alto Counties. On the east side 
of Medium Lake, midway along the lake, is a well-preserved str:p of tall-
grass sod-prairie in which Andropogon furcatus is conspicuous (Fig. 25). 
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On the hills above Virgin Lake, some highland sod persists, including a 
considerable number of distinctive plants of the northern true prairie. 
In Logan Township, section 15, a bunch-grass type on rocky, gravelly soil 
borders Elk Creek. Several upland types of prairie remain on the hills 
above Gillett grove and along Elk Creek. Perhaps the most impressive 
bunch-grass prairie dominated by little bluestem or prairie beardgrass 
(Andropogon scoparius) covers the rocky hills. From the hilltops over.: 
looking the forested valley of the Little Sioux River, may be seen ridge 
after ridge of grass-covered hills bearing bur oak groves on their leeward 
sides. In spring, carpets of pasque flower (Anemone patens) lend a bluish 
cash to the red-brown hilltops, which blends with th~ haze of the distant 
valley. All through the season, a sequence of brilliant-colored flowering 
plants spring up among the grasses (Figs. 27 and 28). • 
Still another type is seen between the railroad right-of-way and 
Highway 17, along the highway in the vicinity of Graettinger, and else-
where on the post-glacial gravelly terrace of the Des Moines River. This 
is a bunch-grass community which is dominated by June grass (Koeler_ia 
FIG. 20. Arrowhead (Sagittaria cu-
neata) with hard-stemmed bulrush 
(Scirpus acutus) and greater duckweed 
(Spirodela polyrhiza) in Round Lake. 
Frc. 21. Narrow-leaved cat-tail (Typha 
angustifolia), a conspicuous plant of 
Round Lake. 
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cristata) and the dropseed grasses (Sporobolus heterolepis and Sporobolus 
asper). Occurring on knolls in the vicinity are the Pennsylvania sedge 
(Carex pennsylvanica var. digyna) and the involute-leaved sedge (C. 
Eleocharis). This assemblage is characteristic of the bunch-grass prairie 
of a drier western climate. 
In Palo Alto County are two state-owned preserves, which could 
serve as a haven for wildlife, a place to study grassland as well as to 
illustrate the phenomenon of Iowa's primeval vegetation which required 
many centuries in the making. One area lies on the northeast bank of 
Rush Lake, facing the tree-fringed rocky south shore. This is a typical 
prairie-covered shore of a wind-swept lake fashioned through the cen-
turies by slow-moving and mighty forces. Yet, by the recent introduction 
of exotic trees arranged with geometric precision, this work of the glacial 
ages has been rendered meaningless by the misplaced planting of trees 
in a climax prairie. 
On the east bank of Lost Island Lake is located a small park, which 
includes a portion of the rock-walled lake, banded by a border of hard-
wood trees including a bur oak grove (Fig. 26). A grassy slope sweeps 
upward from the tree-fringed lake. The grassland is brilliant in June 
with many prairie roses of several species. Much of the high grassland 
has recently been planted thickly with flood plain trees, mainly cotton-
wood and maples. Not only are the trees planted in an exposure un-
natural to them, but the esthetic balance and the biological significance of 
of the grassland, in contrast with the narrow border of trees on the lake 
bank, is destroyed. Such plantings are out of place. 
The Invading forest 
The broad-leaved forest formation is sparsely represented in Iowa 
and follows the streams into the state from the southeast, becoming less 
conspicuous toward their upper limits, until in the northwestern part of 
the state many of the streams run treeless through the prairie (Fig. 28). 
In moist depressions in the open prairie grow low, bushy willows includ-
ing solitary, round-topped trees of the prairie willow (Salix humilis 
var. rigidiuscula), and the beaked willow (S. rostrata). On sheltered 
shores grow low groves of the downy thornapple ( Crataegus mollis) ; or 
solitary and round-crowned, they are seen at the edge of woods and 
along the valleys. The round-leaved thorn (C. chrysocarpa) is seen on 
roadsides and border of woods, its fruits turning scarlet in mid-August. 
Conspicuous on gravelly knolls are gnarled clusters of the prairie thorn, 
twisted by the winds-the first thorn to flower in spring and laden with 
cherry-red fruits early in September. 
The rocky bank of the walled lakes is usually banded by a zone of 
hardwood trees and shrubs. The prairie thorn (Crataegus pertomentosa), 
the chokecherry, and the wild plum are most common (Fig. 30). The 
most prominent hardwood is the bur oak (Quercus macrocarpa) which 
spreads out in groves. The green ash (Fraxinus pennsylvanica var. 
lanceolata), with occasional trees of hackberry (Celtis occidentalis) and 
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FIG. 22. Floating and emergent plants in Round Lake; American pondweed (Pota-
mogeton americanus), broad-fruited bur-reed (Sparganium eurycarpum), hard-
stemmed bulrush (Scirpus acutus), and arrowhead (Sagittaria cuneata). 
1 
FIG. 23. A saucer-like pond among morainal hills. 
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FIG. 24. The floating form of water smartweed (Polygonum natans forma genuinum) 
which grows in lake, pond, marsh, swamp, wet meadow, or dry land. 
FIG. 25. Tall· beardgrass (Andropogon furcatus) and prairie beardgrass (A. sco-
parius) on a prairie knoll. 
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the peach-leaved willow (Salix amydaloides), grow along the banks. 
They occupy the lower shores where boulders lie embedded or scattered 
along the beach (Fig. 13). The rock-bound, eroding banks where the 
groves are located are usually on the northeast and southwest shores and 
mostly span the leeward bays. The long axis of the groves extend in a 
direction parallel with that of the prevailing winds. Around the protected 
lakebanks and on islands in Medium and Virgin Lakes are small groves 
(Fig. 12) where, as herbaceous ground covering, grow Dutchman's 
breeches (Dicentra cucullaria), blue phlox (Phlox divaricata) , waterleaf 
(Hydrophyllum virginianum), columbine (Aquilegia canadensis), and 
the violets (Viola sororia, V. septentrionalis, and V. scabriuscula). 
The most notable forest development of the two counties borders the 
Little Sioux at Peterson (Fig. 6). A tract of 136 acres is known as 
Wanata State Park. It lies in the first sheet of the Wisconsin drift (Iowan). 
This forest association is not a part of the Prairie Climax vegetation but 
may be regarded as an invasion of the broad-leaved forest which extends 
into the eastern half of Iowa, where the average rainfall is above 32 
inches. Few trees mark the shallow course of the Little Sioux as it winds 
sluggishly through its alluvial plain. As it cuts through the gravels of the 
FIG. 26. A bur oak grove bordering the east bank of Lost Island Lake, in Lost 
Island State Park, wild roses in the grassland. 
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morainic hills in the vicinity of Gillett Grove, and after it is reinforced 
by the waters of Willow Creek, it channels ever more deeply through the 
plain, where it functions as an erosion stream. From this point onward, 
the river is bordered by a dense but narrow band of forest, which is well 
developed on the sides of the precipitous but sheltered bluffs of clay 
rising as much as 200 feet above the river bed. 
The oak-hickory forest developed on the second lobe of the Wisconsin 
(Iowan) Drift at Peterson resembles in floristic aspects the Early Wis-
consin (Iowan) in eastern Iowa, though some species of the oaks and 
hickories have dropped out. The oak-hickory and maple-basswood 
dominants shelter a considerable number of secondary woody plants in-
cluding gooseberry (Ribes), arrowwood (Viburnum), honeysuckle 
(Lonicera), burning bush (Evonymus) , and dogwood (Cornus). 
On the borders of the maple-basswood association and in open spaces 
of the floodplain, the flat-topped dotted thorn (Crataegus punctata) is 
frequent. Here and there in woodland borders of the valley are trees of 
the woolly thorn (C. calpodendron) . On open floodplains, woodland bor-
ders, and terminals of small streams grows the round-crowned, glossy-
leaved, long-spined thorn (Crataegus succulenta). The black walnut 
(Jugalns nigra), is frequent, and Kentucky coffee bean (Gymnocladus 
dioica) occurs in the narrow valley. 
The herbage of this forest association includes a wide range of mesic 
plants native to the eastern, also the northern broad-leaved forests. Snow 
trillium, drooping trillium, large-flowered bellwort, hepatica, spring 
beauty, bloodroot, dogtooth violet, ginseng and wild sarsaparilla, bedstraw, 
and violets make luxuriant growth. 
In Palo Alto County, the woodland, except the lake-bank groves 
(Figs. 12 and 26) is poorly represented, since pasturage has removed the 
native undergrowth on the hills, baring them to erosion forces; and the 
native cover of the alluvial valleys is replaced by invading ruderals. The 
river road between Graettinger and Emmetsburg affords a wide vista up 
the valley of the Des Moines River, which is fringed with oak-hickory on 
the west and bordered on the east by an alluvial floodplain about two 
miles in width. Below Emmetsburg, the river winds through the plain 
which widens to about four or five miles, and then contracts to a width 
of a mile before it leaves the county near West Bend. The prairie flora 
of the terraced post-glacial floodplain bounding the present river flood-
plain has elsewhere been described. The native plants remaining indicate 
that the woodland flora resembled that of the well-preserved areas in the 
vicinity of Estherville in Emmet County. Here, as well as in Clay County, 
the only hickory present is the bitternut (Carya cordiformis). The June-
berry (Amelanchier arborea) in bur and red oak woods is occasional on 
the upland, and the flood-plain trees include green ash, black ash, box 
elder, black walnut, and hackberry. The best preserved spots of this valley 
are the many and various hillside spring marshes, which occupy areas 
from one-tenth to an acre in size. They occur in the basswood-maple zone 
near the base of hills, and some are quarter of a mile long and maintain 
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a luxuriant growth of "bog" and marsh plants throughout the season. 
This is the only vegetation in the vicinity about which hogs have shown 
no curiosity. Surrounded by dry, over-grazed, or bare soil, this unusual 
mingling of plants of northern floras and plants of transcontinental floras 
grow luxuriantly. · 
Spring or Fen Vegetation-"the Hang :ng Bog" 
In the open prairie or along rivers in locations of poor drainage, 
where cold water seeps from the soil on side hills or on knolls, are water-
logged soil communities of water plants. The water table is close to the 
ground level and remains so during the season. The water is neutral to 
alkaline in character. In areas of standing water are seen the reedswamp 
plants, Typha latifolia, Phragmites communis, and Scirpus validus. A 
sedge zone contains Carex prairea, C. interior, Eriophorum angustifolium, 
Caltha palustris, Carex strictior, Pedicularis lanceolata, Gentiana procera, 
Viola neprophylla, Aster umbellatus, Eupatorium perfoliatum, E. macu-
latum, and Parnassia glauca (Figs. 31- 34). In a rush plain we found 
Scirpus americana, Rhynocospora capillacea, Triglochin maritima, T. 
palustris, and Lobelia kalmii. Miniature pools in the rush plain are filled 
FIG. 27. Pasque flower (Anemone patens var. wolfgangiana) , the first flower of 
spring on the prairie. (Photo by Dr. J. N. Martin.) 
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FIG. 28. Pasque flowers on a prairie knoll. Willows bordering prairie waterways. 
FIG. 29. Common reedgrass (Phragmites communis) bordering Mud Lake. Blad-
derwort (Utricularia vulgaris var. americana) submerged in the water. 
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FIG. 30. The prairie thorn. Crataegus succulenta var. subtomentosa on the wind-
swept north shore of Mud Lake. 
FIG. 31. Cotton grass (Eriophorum angustifolium) around the margin of a prairie 
spring in Palo Alto County. Sedge-meadow community. 
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FIG. 32. Marsh marigold (Caltha palustris) and prairie sedge (Carex prairea) at 
the summit of a spring in Palo Alto County. Sedge-meadow community. 
FIG. 33. A pastured marsh, bordered by hillside springs, near the inlet to Lost 
Island Lake. The hummocks were built by the rootstocks of the tussock sedge now 
removed by grazing. 
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with Chara vulgaris. Underlying the surface are layers of deep, black peat 
of alkaline character. These colonies are commonly called bogs, but be-
cause of the nature and manner of formation of the peat the community 
might better be called a fen, to distinguish it from the typical acid moss 
bog. In sedge-rush fens of the true prairie, shrubs seldom grow with the 
exception of an occasional willow. The constituent plants are mostly rep-
resentative of Canadian or boreal floras. These relict colonies appear to 
be characteristic of the .true-prairie climax and differ from the bogs 
described by Pammel (1909) for eastern Iowa which are typical of the 
forest transition. 
A similar type of sedge fen occurs along the wooded slopes of the 
Des Moines River, but the succession includes more of the woodland 
Frc. 34. The sedge zone around a hillside spring. Flat-topped Aster (Aster um-
bellatus), lesser fringed gentian (Gentiana procera), and grass of Parnassus (Parnas-
sia glauca) in the foreground. 
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herbage with such shrubs as Camus obliqua and Fraxinus nigra, Salix 
discolor, var. eriocephala, and S. rostrata. 
THE FLORA 
REPRESENTATION AND SOURCES 
The plant survey of any region is concerned with two aspects of the 
plant population: the distribution of species, genera, and families as they 
constitute phylogenetic entities or floras, for example, the fern flora, the 
algal flora; and the distribution of the natural assemblages of plants 
called vegetation. The structure, development, and illustrative aspects 
of the vegetation have been reviewed. In the following treatment of the 
Algal, Moss, Fern, and Seed-plant floras, some biological and taxonomic 
aspects will be discussed. 
The plants collected in this survey include 943 species and varieties 
composed of 818 seed plants, 9 ferns, 62 mosses, and 54 algae. The fern 
flora is probably representative for a prairie environment where wood-
land is scarce. The algae reported are but a fraction of the population, but 
even a few of these, it will be seen, affect appreciably the growth of sur-
rounding plants. Tiffany (1926) recorded about 200 species of algae for 
the Okoboji region, Smith (1926) reported about 200 species of plank-
ton, and Prescott (1931) listed additional species. 
As to occurrence of species, the following comparison may be made 
for the flora of Emmet County which is adjacent. Wolden (1932) records 
855 species including observations made by Cratty as early as 1904. Con-
ard and Wolden (1932) list 128 mosses and 16 liverworts for the thirteen 
counties surveyed in the Okoboji region. One hundred mosses and 14 
liverworts are recorded for Emmet County. 
To a certain extent, the invading associations of the major geo-
graphical vegetation units surrounding the climax prairie are a clue to the 
source of the floristic constituents of a Wisconsin Drift Lake District, which 
in the present case is a political unit, forming a section of the lake region. 
The chief vegetation units which have representation within the true-
prairie association of the climax grassland formation include the eastern 
and the northern deciduous forests, the grassland short-grass-plains flora, 
and boreal-relic colonies. 
The plants of the Wisconsin Drift Region have colonized the soil since 
the departure of the last glacier. During the southward advance of the 
ice, the then existing vegetation was driven southward, eastward, and 
westward. The gradual return of the vegetation from other established 
vegetative centers, halted by fluctuations of climate, local barriers, and 
limiting climatic and edaphic influences, was a slow process stretching 
out through centuries. In addition to the integrating influx of plants, 
many of the plants of the Wisconsin Drift Region appear to differ from 
the ancestral forms from which they probably developed. Such forms 
typical of the prairie constitute a flora endemic to the prairie. 
TABLE 2 
STATE-OWNED GAME PRODUCTION AREAS, WILDLIFE REFUGES AND R ESERVES 
OF CLAY AND PALO ALTO COUNTIES 
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Drainage I 
ame County Use of Area 
*Lost Island Lake ... ... Clay and Public shooting 
Palo Alto and 
Wildlife refuge 
Trumbull Lake ....... Clay Public shooting 
Medium Lake . .. Palo Alto Public shooting 
Outlet of Lost Island L .. 
(Barringer 's Slough) 
Clay Public shooting 
*Silver Lake .......... Palo Alto Public shooting 
and 
Wildlife refuge 
Rush Lake . . .. . .. ... . Palo Alto Public shooting 
Dry 1894 
Has been dredged 
Round Lake .. ....... 
(Swan Lake) 
Clay Wildlife refuge 
Dry 1894 
Dewey's Pasture .... . . . Clay Public shooting 
Upland with ponds, 
kettleholes, and fens 
Dan Green Slough ..... Clay Public Shooting 
Elk Lake ......... . . . . Clay Public shooting 
Mud Lake ... . . .. . .... Clay 
(Garfield Twp.) 
Wildlife refuge 
(Sec. 35) 
*Virgin Lake ....... . .. Palo Alto Public shooting 
and 
Wildlife refuge 
Pickerel Lake . . ........ Clay and Public Shooting 
Buena Vista 
W anata State Park . .... Clay Forest reserve 
Rush Lake State Park .. Palo Alto Lake reserve 
Lost Island State Park . . Palo Alto Lake reserve 
Oppedahl Tract ..... . . Palo Alto Public shooting 
Schlosser's accession .... Palo Alto A zone of free 
access to the 
lake shore 
Size 
1,260 A. 
1,1 90A. 
1, 106.42 A. 
1,005.15 A . 
638 A. 
460 A. 
450 A. 
401.66 A. 
340.37 A. 
261 A. 
251 A. 
200 A . 
176 A. 
145.46 A. 
84.82 A. 
27.57 A. 
97.64 A. 
Depth 
12- 16 ft. 
5 ft. 
3- 5 ft . 
1- 3 ft . 
5-7 ft. 
3- 6 ft. 
2- 4 ft. 
0- 2 ft . 
4- 6 ft. 
4- 6 ft. 
Drained 
5- 8 ft. 
4-6 ft. 
0- 1 ft . 
Watershc Inlet 
59,000 i Brown's Slough (SE.), 
also many lake bed 
springs (Ia. Geo!. Sur. ) 
30,000 I East side, Smith's Slough; southwest, 
slough; north, drainage 
ditch 
Small Jnly small rivulets 
L..ost Island Lake and 
. . . .. . . . 
small streams 
7,120 A springs on west; drain-
age ditch; tile ditches 
. . . . . . . . 
)redge ditch 
18,000 I rom Trumbull Lake ; 
slough to south 
. . . . . . . . 
lun off from upland 
and some springs 
2,753 A rile ditches 
2,048 A lough NE. mostly tiled; 
'uddick's and Whit-
man's Slough on S. 
wo bays on south 
· · · · · · · · which have intermit-
tent streams; two 
marshes on E. and NE. 
840 A. )ne slough on north-
west 
7 50 ft . of lake frontage on the norths Lost Island Lake. 
1.96 A. I I 
•Public shooting area from shore or emergent vegetation 50 yards out into open water, but wild 
refuge on open water 50 yards from shore or emergent vegetation. 
Outlet 
Outlet Creek 
Outlet Creek 
Cylinder Creek : old 
outlet to Des M . River 
at Emmetsburg 
Outlet Creek 
Willow Creek 
Cedar Creek 
Formerly on west side; 
now through Trum-
bull Lake 
Trumbull Lake and 
Mud Lake 
To Outlet Creek 
Outlet Creek 
Originally into Elbow 
Lake, (drained); now 
dredge ditch into 
Outlet Creek 
To south Cedar Creek 
Retaining Wall 
Concrete dam 
Concrete dam 
Concrete dam 
Concrete dam 
Concrete dam 
Concrete dam 
Open channel into 
Trumbull Lake 
Earthen dams at four 
sloughs which drain 
into Mud Lake 
Concrete dam 
Concrete dam 
Concrete dam 
Concrete dam 
Nature of Bottom 
Silt over sand, gravel, 
and clay 
Hard in center, gravel 
shores 
Silt over sand, gravel, 
and clay 
Silt and organic matter 
Silt over sand, gravel, 
and clay 
Silt and organic matter 
Silt and vegetable 
material 
Peat and muck 
Black silt and organic 
matter 
Silt and organic matter 
Rocks, gravel, clay, silt, 
and organic matter 
Black silt over sand and 
clay 
. .. . .... .... ... . ..... . 
' 
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DISTRIBUTION AND ECONOMIC SIGNIFICANCE 
THE SEED-PLANT FLORA 
Sources 
The true prairie climax includes plants from various phytogeographic 
units. Since a vegetation is the product of a climate, the units might ap-
propriately be named in plant terms, but plant geographers are not in 
agreement as to the names applied to the principal vegetative areas 
through North America, nor is the individual history of each plant known. 
The following table will show the general trends in the distribution of the 
vascular plants collected in this survey. It is a modification of Merriam's 
North American life zones adapted and described by Rydberg (19'31) as 
a basis for the distribution of plants described in his manual (1932). 
Of the 818 seed plants collected in the present survey, 204 are intro-
duced from Eur-Asian or South American sources and have become asso-
ciated with Iowa flora after settlements were established. Their advent 
in northern Iowa was much later than in the southeast where the tillage 
of soil began. Among this group are some of the most troublesome weeds 
of cultivated crops. The canada thistle (,Cirsium arvense), wild carrot 
(Daucus carota), and European morning glory (Convolvulus arvensis) 
are becoming widely established. In addition to the introduced weedy 
FIG. 35. A pothole pond in the prairie bordered by a zone of spikerush (Eleocharis 
calva), with the diffuse tussock sedge (Carex stricta var. strictior), soft-stemmed 
Scirpus validus, and river bulrush (Scirpus fluviatilis) in center. 
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plants, there are fifty-nine native plants which have escaped from native 
vegetative areas; generally, when the ground has been broken. When 
freed from the restraints of competition in their stable native associations, 
they vigorously invade cultivated land favorable for their growth. One 
of these is the horse nettle (Solanum carolinense) , an east temperate 
plant which has travelled westward and southward from the northeast 
states through Missouri, the eastern half of Kansas to Nebraska, and has 
spread throughout Iowa in about forty-nine years. Others find their way 
into over-grazed pasture. Well known in this capacity are the hoary ver~ 
vain (Verbena stricta) , the lesser ragweed, (Ambrosia artemisiaefolia 
var. elatior) , and yarrow (AchiUea millefolium). 
TABLE 3 
THE GEOGRAPHIC REGIONS FROM WHICH THE FLORA OF THE CLAY-PALO ALTO LAKE DISTR!CT 
WAS DERn'ED BY MIGRATION 
Arctic to Temperate to 
Cold Temperate Temperate- Trans-continental Tropical 
Arctic ...................... 6 Allegheny ............ 158 W. Temperate .... 19 
Alpine .. ..... ......... .. .. 18 Montane .. .. ... ......... 83 Temperate ... .. .... . 183 
Boreal ........ ............ 48 Sub-montane .... 206 E. Temperate .... 219 
Canadian ............ 125 Great Plains ...... 322 Cen. Prairie ........ 121 
Origin of the Prairie Flora 
Lower Austral 
Ozark (12 ) 
Gulf (6 ) .............. 18 
E·onoran (arid) .... 11 
Tropical .. .... ..... ..... 21 
Subtropical ............ 7 
The plants of the Wisconsin Drift region have colonized the soil since 
the retreat of the last glacier within the last 25,000 years. During the 
southward advance of the ice the vegetation existing there must have 
migrated southward, eastward, and westward. The gradual return of the 
vegetation, in post-glacial time, from other established vegetative centers, 
halted by fluctuations of climate, local barriers, and limiting edaphic in-
fluences was a slow process stretching out through centuries. In addition 
to the migrating influx of plants of early origin many of those of the Wis-
consin Drift region appear to differ from the ancestral forms from which 
they probably developed. Such forms, typical of the prairie constitute a 
flora endemic to the true prairie. They may appear distinct from species 
growing on unglaciated lands or they may represent the gradational con-
cepts designated by the terms subspecies, varieties, or even ecospecies. 
Mingled with the prairie flora existing in relatively recently developed 
climatic and edaphic environment are the floristic elements from other 
well-established vegetation centers. 
Northern Floras 
Nearly 200 species of the prairie flora are plants indigenous to north-
ern regions. They are thought to represent remnants of northern floras 
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which probably occupied this region after the ice retreated. The floras 
which populate the fens and swamps of peat formation are largely boreal 
(arctic, Hudsonian, alpine, and Canadian) , in origin. Among the boreal 
plants are the great bulrush (Scirpus heterochaetus), mare's tail (Hip-
purus vulgaris) , buck bean (Menyanthes trifoliata var. minor) , the pond-
weeds (Potamogeton natans, P. zosteriformis and P . richardsonii). These 
and many others of the northern floras are well-known as food of water-
fowl and reach their greatest abundance or even their southern limits, in 
Iowa, within the Wisconsin Drift. Among them are many sedges and 
grasses, including Carex lacustris, C. pra:rea, C. substricta, C. sartwellii, 
Phalaris arundinacea, and Calamagrostis canadensis. 
Transeau (1903) concluded from his series of bog studies made in the 
deciduous-forest transition region that the "bog" societies of that region 
resemble those typical of North America, Europe, and Asia; and since the 
vegetation is composed of boreal species, the societies must be regarded 
as relicts of former climatic conditions. The bogs of the climax prairie, 
though not including woodland types, are populated by boreal plants and 
thus belong to the same general category as relict floras . 
FIG. 36. Nest of a redhead duck in a tuft of tussock sedge growing in a prairie 
pothole pond. 
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Frc. 37. A ground cover of haircap moss (Polytrichum commune) . 
Frc. 38. A liverwort; Ricciocarpus natans, the land stage of the purple-fringed 
Riccia. (Photo by Dr. J. N. Martin.) 
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The flora of hydrophytic vegetation forms of fen and swamp character 
have significance as producers of peat. Dachnowski-Stokes (1920) stated 
that progress in peat investigation has been severely checked by wide-
spread use of the terms muck, overflowed land, swampy land, wet land, 
and others, resulting in the lack of adequate classification of peat deposits. 
In 1933, he described the belt of peat deposits which border the great 
lakes and reach from the Atlantic coast to Dakota as mesotropic. The 
layers of this fibrous peat are derived from reed and sedge marshes and 
reedy materials from swamp forest of mixed conifers and hardwoods; 
they may be (1) either alkaline or acid, as distinguished from the (2) 
acid moss peat (oligotrophic) of the northern and northeastern states, and 
the (3) fibrous, alkaline peat (eutropic) derived from grass-marsh vege-
tation of the Mississippi Valley and Coastal Plain, which are subject to 
periodic flooding. 
In order to avoid land waste it seems advantageous to have all lands 
not far removed from the peat derivative stages carefully tested before 
they are claimed for tillage, since many have proved unfitted for agricul-
tural use. This procedure is in accord with the recommendation of Dach-
nowski-Stokes (1939) favoring the restoration of unproductive and aban-
doned peatlands located strategically with reference to coastal and conti-
nental flyways, since this would re-establish resting, feeding, and breeding 
grounds for wildlife, insure the conservation and use of peat resources 
for purposes to which they are best adapted, and elsewhere make an 
important contribution to the program of submarginal land retirement. 
Though the "bog" or fen flora composed of boreal and Canadian plants 
is very restricted in range within the true prairie, and recurrent locally, 
other plants of northern origin have wide ranges of distribution. Kentucky 
bluegrass (Poa pratensis), so widely known in temperate North America 
in meadows, fields, and woods, is a cosmopolitan plant indigenous to arctic 
and mountainous regions of Europe, Asia, and circumpolar North America 
(Polunin 1940). It is widely cultivated for hay, lawn, and pasture and 
has invaded most of the prairies where it is not native. In hilly prairie 
which has been grazed, grasses and other herbage persist on the hilltops, 
but Poa pratensis claims the alluvial areas and lower slopes of hills, par-
ticularly on calcareous soil. 
Plants from southerly floras are less common in northern Iowa than in 
southern Iowa. Nevertheless, the casual observer might be less conscious 
of 100 inconspicuous unarmed plants of the plains in a community than 
by the presence of the sandbur (Cenchrus pauciflorus) from the Mexican 
Plateau and coastal region of tropical America which, because of its spines, 
is able to arrest attention. The grasses of the true prairie are fewer in 
number than the broad-leaved seasonal forms-the violets, strawberries, 
phloxes, and lilies; but the grasses are dominant and occupy more space 
than the species which come and go through the seasons, or even the 
goldenrods and sunflowers which, like the grasses, persist through the 
season. 
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Plants Useful to Waterfowl 
In general terms, the whole flora is significant as cover, for it is 
characteristic of the true prairie. Bennett (1938) regards the true prairie 
plants as excellent cover for the Blue-winged Teal but states that in north-
western Iowa not more than 1 per cent of the true prairie remains, and 
this is in plots usually not more than 10 acres in size. The prairie most 
valuable for waterfowl lies close to water of ponds, sloughs, potholes, or 
swamps, though Bennett has found nests of the Blue-winged Teal a mile 
away from water (Figs. 35 and 36) . Since the native vegetation has been 
largely removed, he states that bluegrass (Poa pratensis) is the chief 
nesting cover for the Blue-winged Teal. Regions in close proximity to the 
lakes showed that alfalfa was used for nests where other cover was not 
available, though with many casualties to the birds. Reedswamp and wet-
meadow vegetation is much more intensively employed by waterfowl for 
shelter and nesting than is upland vegetation (Figs. 8 and 9). 
About seventy plants included in the list of flora contribute to the 
r ecognized food of waterfowl, as listed by McAtee (1939) , Martin and 
Uhler (1939) , and Hotchkiss (1936). Some of these are plants native in 
boreal regions, but the majority of swamp plants of northwestern Iowa 
belong to transcontinental floras. A few species, for example, inland wild 
rice (Zizania aquatica var. interior) and river grass (Fluminea festu-
cacea) , appear to be indigenous to the northern prairies of North America 
though Fluminea also occurs in Eurasia. About fifty of these are of major 
importance because of the regularity of the crop and their distribution: 
Slender naiad (Najas flexilis), Guadaloupe naiad (N. guadalupensis), 
American pondweed (Potamogeton americanus) , leafy pondweed (P. 
foliosus var. macellus), grass-leaved pondweed (P. gramineus var. grami-
nifolius), common floating pondweed (P. natans), panormitanic pondweed 
(P. panormitanus) sago pondweed (P. pectinatus) , clasping-leaved pond-
weed (P. richardsonii), eel-grass pondweed (P. zosteriformis), horned 
pondweed (Zannichellia palustris), water plantain (Alisma subcordatum), 
large lophotocarpus (Lophotocarpus calycinus), arum-leaved arrowhead 
(Sagittaria cuneata, waterweed (Anacharis canadensis), freshwater eel-
grass (Vallisneria spiralis) , barnyard grass (Echinochloa crusgalli), river 
grass (Fluminea festucacea) , tall manna grass (Glyceria striata) , Ameri-
can manna grass (G. grandis), rice cutgrass (Leersia oryzoides), sprangie-
top (Leptochloa fascicularis), awned sedge (Carex atherodes), Emory's 
sedge (C. emoryi) , lake sedge (C. lacustris), smooth-sheathed awned-
sedge (C. laeviconica), woolly sedge (C. lanuginosa) , slender sedge (C. 
lasiocarpa) , beaked sedge (C. rostrata) , yellow nut grass (Cyperus ascul-
entus), needle spike-rush (Eleocharis acicularis), spike rush (E. calva), 
pale spike-rush (C. macrostachya), blunt spike-rush (E. obtusa) , and 
small spike-rush (E. parvula var. anachaete) , river bulrush (Scirpus flu-
viatilis), hard stem bulrush (S. acutus), water stargrass (Heteranthera 
dubia) , acuminate-leaved water smartweed (Polygonum coccinea), blunt-
leaved water smartweed (P. natans) , swamp smartweed (P. hydropiper), 
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dock-leaved smartweed (P. lapathifolium) , coon-tail (Ceratophyllum de-
mersum) , American lotus (Nelumbo pentapetala), yellow pond-lily 
(Nuphar advena) , mare 's tail (Hippurus vulgaris), water milfoil (Myrio-
phyllum spicatum) , buckbean (Menyanthes trifoliata var. minor) , greater 
bladderwort (Utricularia vulgaris var. americana). 
THE FERN FLORA 
The ferns of Clay and Palo Alto Counties so far recorded include nine 
species; four of the horsetail and five true ferns. The horsetails have a 
wide distribution ranging from boreal-arctic, montane, to temperate 
regions, and commonly occur in the environs of the prairie. The other 
four ferns are plants of rich woodland and could occur within the limits 
of a climax prairie formation, only in such environment as the localized 
broad-leaved forest could provide. 
The species found here appear to be plants of wide distribution. 
Rattlesnake fern, Botrychium virginianum and the maiden-hair Adiantum 
pedatum, both occur in Eurasia; the former ranges in rich woods from 
north temperate to tropical regions, and the latter from boreal to sub-
tropical regions. The fragile fern ( Cystopteris fragilis) occurs in plain, 
alpine, arctic, temperate, and tropical floras of North America and is also 
in the Old World. The ostrich fern (Pteretis nodulosa) occurs in east tem-
perate regions. It is reported as far west as North Dakota. 
The ostrich fern and the lady fern were once very abundant in Wanata 
State Park but were gathered in quantities for decorative purposes until 
they became practically extinct, except as they had increased in gardel1S 
of residents of Peterson. Through the initiative of the Little Sioux Con-
servation Club, residents of Peterson, and with the assistance of the 
organized Boy Scouts, 250 ferns were reinstated in Wanata State park. 
Such restorative work in natural preserves is very valuable, when it is 
first ascertained, as was here done, that the introduced plants originally 
grew in the area and were a constituent part of the flora. 
THE MOSS FLORA 
The survey of mosses and liverworts includes soil builders, soil and 
water holders, climatic indicators, fauna shelters, and food constituents. 
Mosses appear to have slight value as food plants, thougp their close 
relatives, the water liverworts (Ricciocarpus natans and Riccia fluitans), 
furnish green food available to waterfowl. Marchantia polymorpha, a soil-
building liverwort, is found in the fen vegetation around climax prairie 
springs ("bogs") (Fig. 38). 
However, water mosses shelter myriads of minute water fauna. 
Mosses are conservers of soil, which is held in place by their rhizoids and 
protonema. As the mosses die, humus of the soil is increased by their 
decomposition products. Since common mosses which grow in the soil 
can hold eight to ten times their weight in water, as shown by the work 
of Picciol (1919) , they help to conserve the runoff from rains and release 
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it slowly to the air. In this manner they reduce erosion. Mosses in swamps 
and bogs assist in the formation of peat, a product with high water-hold-
ing capacity. 
Runoff from moss-covered soil has no turbidity. Clear water is favor-
able to the production of aquatic seed plants. Moss-covered soil helps to 
reduce turbidity and should therefore be protected, insofar as it is the 
chief or only cover of many exposed areas such as roadside banks. Mosses 
may also be regarded as pioneers, or forerunners of more specialized 
plants which have root systems. 
If one would recognize the mosses at work in the community, he 
might begin by looking along a newly graded highway, on eroding road-
side banks, damp garden paths, areas in a pasture where the grass has 
been injured, or on barren hilltops. On this uncovered, unstirred soil, 
creep green moss threads which later grow into a low, cushion-like plant 
with leaflike, stemlike, rootlike structures. · Among these green mats on 
roadside banks may be found Ceratodon purpureus which also grows on 
burnt-over places, rocks, old roofs, and sandy shores. Barbula unguiculata 
and Funaria hygrometrica are among the pioneers seen upon roadside 
banks. Other pioneering soil-holding mosses of open country include 
species of Weisia, Atrichum (Catharinea), Bryum argentum (silvery 
bryum), and Bryum caespiticium (tufted bryum). 
Mosses which cover hard paths, or occur in barren fields or some-
times along lake beaches include Physcomitrium turbinatum (the urn 
moss), Bryum caespiticium, Bryum argenteum, and species of Atrichum 
(Catharinea). Orthotrichum, as well as Weisia, grows in dark patches on 
rocks and trees of orchards or about houses, and in open woods. Platy-
gyrium repens, Lindbergia and species of Leskea commonly grow on the 
bark of trees. Grimmia grows in black patches on rocks. Tortula (twisted 
moss) is found upon rocks and walls. Frullania eboracensis, a mosslike, 
scale-leaved liverwort, traces embroidery-like designs on the stems of 
trees. The Polytrichums (hair-cap mosses) carpet old fields and hilltops 
(Fig. 37). The hair-cap grows on thin soil of rocks in Gitche Manito 
State Park. 
Among the mosses which anchor the soil slipping off from springy 
hillsides are Thuidium (fern moss) and Climacium (tree moss). These 
occur either in woods or open fields. Woodland banks and slopes are 
stabilized by Anomodon attenuatus, A. minor, A. rostratus, Timmia 
megapolitana, Mnium affine, and M. cuspidatum. Among the mosses 
which help to reduce the bark of dead trees to elementary soil constitu-
ents are Entodon seductrix and E. compressus. Mosses found in running 
spring water and in stagnant water nearly all belong to the Hypum family. 
Among these are the species of Drepanocladus and Campylium. Taylor 
(1920) showed that mosses are among the highly important pioneer plants 
on bare rock surfaces and continue through plant successions far into the 
forest association. 
Conard (1935) classified mosses with reference to soil-holding proper-
ties as inhabitants of (1) aggrading areas and (2) degrading areas. He 
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states, "Aggrading mosses are able to grow; upward as fast as the soil is 
washed in around them, up to a limit ... Notable aggrading mosses are 
Atrichum (Catharinea) angustata, Polytrichum commune, Bryum caes-
piticium, Ceratodon purpureus, Amblystegium riparium, and A. irriguum. 
Brachythecia of the salebrosum group can creep out of a shallow covering 
of soil." This ability is possessed by Brachythecium acutum and B. oxycla-
don. "Degrading mosses quickly succumb to a covering of earth. Steep 
banks where degradational processes predominate are peopled by Anom-
odon, Bartramia, Thiudium and Hypnum. In general, the erect growth 
of Acrocarps is favorable on aggrading surfaces, and creeping mats of 
Pleurocarps are suitable to degrading surfaces. In both cases, the soil 
movement is arrested, in the first by catching and holding the downwash, 
in the second by preventing soil movement." 
Mosses, then, are of economic importance, as soil formers, through 
their ability to decompose rock and to enrich the soil with organic mate-
rial derived from generations of their bodies; in the conservation of soil, 
through their ability to check erosion of clay and sand surfaces, to hold 
soil on the floodplain as it is washed in, and to arrest the formation of 
gullies in thei'.r early stages; in the local conservation of rainfall through 
their ability to absorb water and give it up slowly. Because of their 
ability to conserve water and to check runoff, they help to prevent floods. 
Persons concerned with conservation of natural resources may well 
protect these myriads of plant assistants. Conard states "unfortunately 
all moss mats on soils are easily broken by trampling of people and domes-
tic animals. Consequently in State Parks and preserves, visitors should 
keep and be kept strictly on prepared paths, wherever damage to ground 
cover is likely. Livestock must be kept out of hilly forest and erosion 
control projects." 
THE ALGAL FLORA 
Algal studies have been made to determine the species present, to 
discover their influence upon the growth of aquatic seed plants, and to 
note how algae may be useful as service plants to waterfowl. 
The algae systematically arranged under the head of Thallus Plants 
in the following list may be referred to inclusively as groups with refer-
ence to their biologic roles. Bodies of water, in which animal and plant 
life are relatively balanced, have a considerable growth of grass-green 
algae (Chlorophyceae). The members of the Volvox family are con-
spicuous in ponds, quiet bays, and clear water of mountain lakes. They 
also appear in pools after rains. The Chlorophyceae are found especially 
in grassy pools which have no turbidity. The washing in of silt, in Iowa 
lakes in the past fifty years since the natural cover has been removed 
from the soil, must have greatly increased their turbidity. Early accounts 
of the state written by John Plumbe (1839) and reprinted in the Annals 
of Iowa (1925) refer to the crystal clearness of the streams. That silt 
deposits in the lakes average a depth of more than 10 feet and reach a 
maximum of more than 30 feet was discovered in the meandered stream 
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survey conducted by the Board of Conservation and the Iowa State Plan-
ning Board and recorded in the Second Report of the Iowa State Planning 
Board. 
The filamentous grass-green algae whose families are respectively 
named for the genera Ulothrix, Chaetophora, Oedogonium and Zygnema 
appear periodically in fresh, clear water of ponds, roadside ditches, 
streams, and unpolluted lakes. Some algae are spring annuals, others 
summer or fall annuals. They soon pass through their life cycles and 
become invisible in the form of resting cells which sink, and the con-
spicuous plant bodies are replaced by other seasonal forms. These species 
of grass-green and yellow-green algae furnish food for tadpoles, crus-
taceae, and larvae, which in turn furnish food for fish or for certain 
waterfowl. 
Among the grass-greens is a group, the Cladophora Family, which 
include coarse, more or less branched species. The Cladophoras often 
serve as food for animals though some species with their allies, Pitho-
phora and Rhizoclonium, constitute blanket algae which cover acres of 
shallow lakes with their tangled threads. This blanket shades submerged 
seed plants such as Potamogetons, Zannichellia, and other aquatic seed 
plants. In this respect blanket algae are harmful. They may also reduce 
the oxygen supply in fish ponds during the night, causing the death of 
young fishes. They, however, furnish shade from the sun, available to 
mature fish and other water fauna. 
Representatives of the class of algae known as blue-greens (Myxo-
phyceae or Cyanophyceae) often produce unfavorable manifestations 
when they occur in great numbers. They are significant as indicators of 
water conditions, for their presence shows that the water in which they 
grow is contaminated by the presence of decaying organic matter. Accord-
ing to Til.den (1935), the source of the organic matter may come from 
swamps; forest or grass fires; decomposition products or dead vegetable 
matter of any kind, such as leaves, or aquatic plants; and waste from 
factories and human habitation. Variations in water level, especially 
lowering of the level, have a marked influence on the growth of algae. 
The conspicuous presence of blue-green algae indicates that water is pol-
luted with an excess of organic matter. Their presence also signifies that 
such organic matter is being reduced to a more rudimentary state such as 
nitrates which are unsynthesized materials essential to living plants. 
However, when this process takes place on too large a scale for the volume 
of water present, the by-products are offensive to the senses. Blue-green 
algae under normal conditions are ordinarily invisible to the average 
observer; but under favorable environmental conditions involving waters 
overloaded with organic matter and characterized by relatively high 
temperatures prevailing in shallow bodies of water, the algae increase 
so rapidly that the water becomes bluish-green in color and in consistency 
resembles pea soup. This phenomenon is known as "water bloom." In 
this state the water has an unpleasant odor and taste, also a toxic effect 
upon animals which drink it. When water is not overloaded with organic 
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materials so that the various species of algae have a normal distribution, 
blue-green algae of the free-flo'ating plankton type are regarded as a 
valuable constituent of food of fish and other forms of faunal life. 
All members of the Chara family are used as food by waterfowl. 
The annotated list of algae shows that the plankton, or free-floating 
species of algae occurring in Virgin Lake, include more species than are 
found in the plankton of Lost Island Lake. The distribution of species 
seems balanced, and the increase of any group to the extent of forming 
"wasserblute" has not been noted in Virgin Lake. However, in Lost 
Island Lake three species, Microcystis flos-aquae , M. aeruginosa, and 
Aphanizomenon flos-aquae become abundant as early as May, reaching a 
peak in July and August, when their decomposition products become 
noxious to shore inhabitants and appear to interfere with the growth of 
water flora and fauna. 
The epiphytic blue-greens such as Gleotrichia and the blanket types 
such as Anabaena, Lyngbya, and Phormidium become abundant in 
Round Lake Preserve and in Mud Lake when the water level becomes too 
low to support the growth of seed plants which thrived during higher 
water levels. 
The grass-green algae functioning as blankets include the coarse 
types such as Rhizoclonium and Pithophora which frequent stagnant 
waters and persist for a longer period of the summer (two or three 
months) than do the filamentous forms of the Zygnemaceae such as 
Spirogyra, Zygnema and Mougeotia. The latter are most frequent in 
well-aerated fresh water near the inflow of springs, or at the inlets of 
lakes. This condition is notable at the inlet of Lost Island Lake. The 
species of this type of filamentous green-algae succeed each other as 
spring, summer, and fall annuals. When the water level is normal they 
appear to furnish little material subject to putrefaction. If a quantity of 
this material is caught by a rapidly reduced water supply they sometimes 
become malodorous, because of disintegrating processes induced by bac-
terial action. However, their bodies may also dry without manifestation 
of gaseous decomposition. By normal reproductive processes, their proto-
plasm becomes encased in capsular walls and goes into a resting stage, 
and mostly cellulose cell walls remain. When unfavorable conditions 
prevail, relative to the supply of organic and inorganic materials which 
the water can carry, the vegetative bodies of algae may die without 
encasing their protoplasts in resting stage. Bacterial action may reduce 
the organic compounds rapidly with resultant disagreeable odors. Cer-
tain species of blue-green algae appear as epiphytes on the decadent 
filaments of green-algae and seem to function , eventually, as saprophytes, 
thus bringing about a succession of species as well as reducing organic 
matter to simpler states in which it may pass through the cycle of living 
bodies. 
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SUMMARY 
The territory of Clay and Palo Alto Counties constitutes a floristi-
cally unsurveyed section of the Wisconsin Drift Lake District. The flora 
of the other two counties of this topographic unit has a considerable lit-
erature. Attention was first directed to the Ruthven Area as a center of 
wildlife investigation in which are located most of the state-owned pre-
serves and wildlife refuges. 
The climate of the two counties is characteristic of the northwestern 
eighth of the state, which may be described as grassland climate. This 
section is colder in winter, and drier in summer; and though not hotter 
than the rest of the state, the low precipitation-evaporation ratio consti-
tutes a critical factor which limits the growth of such vegetative types as 
forest. 
Early historic records concerning impressions of the flora show that 
the streams and lakes were clear and little silted; that the vegetation was 
luxuriant, and impressive from an aesthetic viewpoint. 
The topography of the area was shaped in the last glacial epoch and 
includes both early and late Wisconsin drifts. Its aspect is that of a high-
land region in the vicinity of the Altamont Moraine, the divide which 
diverts the runoff on the east into the Mississippi River and on the west 
into the Missouri. Shallow lakes, kettleholes, swamps, intermittent 
streams, and ponds are indicative of the reiatively undeveloped drainage 
of the morainal tegion, but the plains country on either side is compara-
tively well drained by the somewhat immature river systems of the Des 
Moines and the Little Sioux. The soils are of glacial origin and include 
upland, alluvial and undifferentiated peat. They are climatically describ-
ed as prairyerths. 
The natural vegetation belongs to the true-prairie association of the 
climax grassland formation. Its developmental history is chiefly of 
hydrosere origin. Though the native prairie is quite generally destroyed, 
some areas of natural vegetation yet remain in the state-owned refuges, 
preserves, and elsewhere. 
Preserves of natural vegetation are shown to be useful as historical 
records of the primeval aspect of the state; as living records of its flora 
and fauna in their natural environment; as examples of natural topo-
graphic and vegetative composition, typical of the climate of the region; 
and as field laboratories, where plants may be studied with reference to 
their economic and biological significance. 
The flora reported in a six-year survey of Clay and Palo Alto Coun-
ties include 943 species consisting of 818 seed plants, 9 ferns, and 62 mosses 
and 54 algae. Of these, 204 species of seed plants were introduced from 
outside of North America. The chief floras which are representated in 
the true prairie climax grassland include the invading northern broad-
leaved forest, the eastern broad-leaved forest, the plains flova, and the 
relict northern "bog" (fen) floras. 
The plants listed have significance to waterfowl, selectively as the 
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source of food materials and nest construction; collectively as cover; and 
in the sense of vegetations and floras as indicators of life zones. 
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THE ANNOTATED LIST OF PLANTS 
Source of Records 
The specimens on which the following list is based have been filed 
in the herbarium of Iowa State College. The greater number were col-
lected by the writer during the years of 1933-1941. The herbaria of the 
University of Iowa and of Grinnell College were consulted for supple-
mentary material. Reference to the occurrence or relative distribution of 
specimens is made by citing the collection number of the writer in paren-
thesis, when the abundance of the plant is not known, or if the plant is 
of particular interest because of its rarity, or its probable service to 
waterfowl. If the plant occurs in every township, or is generally distri-
buted, the collection number is not cited. Where the county is not men-
tioned, it is understood that the range includes both counties. The map 
of the Ruthven Area (Fig. 1) shows the location of the chief aquatic 
collecting stations. County maps showing townships, rivers, and lakes 
not included in Figure 1, are available from offices of the County Engi-
neers at Spencer and Emmetsburg. A free road map of Iowa, distributed 
by the State Highway Commission, Ames, Iowa, supplies perspective on 
the relative location of lakes, rivers and political boundaries. 
Identifications of plants were made by the use of various manuals, 
monographs and floras listed in literature. The names are based on the 
seventh edition of Gray's Manual, supplemented by revisions and cor-
rections embodies in subsequent literature, which is cited in the text. 
Hitchcock's Manual of the Grasses of the United States was chiefly used 
for Gramineae. The International code of nomenclature is followed. 
In the determination or verification of critical species, assistance was 
received from Dr. C.R. Ball, Salix; Dr. S. F. Blake, the Multiflorus group 
of Asters; Dr. Robert Clausen, Najas; Dr. H. S. Conard, Bryophyta; Mrs. 
Agnes Chase, Gramineae; Dr. C. 0. Erlanson, Viola; Dr. M. L. Fernald, 
Narrow-leaved Potamogeton; Dr. F. J. Herman, Carex; Dr. Rogers Mc-
Vaugh, Lobelia; Mr. E. T. Palmer, Crataegus and other woody species; 
Dr. F. W. Pennell, Scrophulariaceae; Mr. C. A. Weatherby and Dr. 
Lyman B. Smith, miscellaneous; Dr. H. K. Svenson, Eleocharis; Dr. K. M. 
Wiegand, Asters of the Paniculatus group. 
Appreciation is expressed to Dr. W. A . Anderson for use of the 
Vascular Herbarium of the University of Iowa and to Dr. H. S. Conard 
for access to the Hepatic Herbarium of Grinnell College. To Dr. George 
J. Goodman, I am grateful for critical reading of the taxonomic list, to 
Dr. J.M. Aikman for comment upon the ecological aspects, and to Miss 
Marie A. Corkle for reading of the text. 
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Div. THALLOPHYTA 
(Thallus plants) 
Subdiv. SCHIZOPHYTA 
(Fission plants) 
Class MYXOPHYCEAE or CYANOPHYCEAE 
(Blue-green Algae) 
Ord. CHROOCOCCALES 
(Solitary, colonial, Blue-green algae) 
CHROOCOCCACEAE (Chroococcus Family) 
Aphanocapsa delicatissima W. and G. S. West 
With plankton in Virgin Lake, Palo Alto Co. May. 
Aphanocapsa grevillea (Hass.) Rab. 
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Growing in meshes of Rhizoclonium associated with Anabaena cyadeae and 
Entoderma pithophora in Round Lake, Clay Co. August. Virgin Lake, Palo Alto Co. 
May. 
Microcystis aeruginosa Kutz. 
Occurring in "water bloom" association with Microcystis flos-aquae (Wittr.) 
Kirchn. in Lost Island Lake, Clay and Palo Alto Counties. July and May. Noticeable 
from May to October but especially conspicuous in July and August. 
Microcystis flos-aquae (Wittr.) Kirchn. 
Common in "water bloom" associated with M. aeruginosa in Lost Island Lake, 
Clay and Palo Alto Counties. May and July. Present throughout the year, either 
floating in the warm months, or on the floor of the lake in cool months. 
Merismopedia tenuissima Lemm. 
Associated with plankton in Virgin Lake, Palo Alto County. May. 
Aphanothece clathrata W. and G. S. West 
With plankton in Virgin Lake, Palo Alto County. May. 
Ord. HORMOGONALES 
(Filamentous blue-greens) 
Subord. HOMOCYSTINEAE 
(Uniseriate, filamentous blue-greens) 
OSCILLATORIACEAE (Oscillatoria Family) 
Oscillatoria sancta Kutz. 
Among filamentous green algae from Round Lake, Clay Co. May. 
Oscillatoria splendida Grev. 
Mixed with Anabaena californica Borge on stems of Ceratophyllum, north of bay 
Trumbull Lake, Clay County. August. 
Pharmidium inundatum Kutz. 
Forming a coating on wood in a flowing spring and occurring on the ground 
around its mouth, Sec. 30, Lost Island Twp., Palo Alto Co. August. 
Phormidium retzii (Agardh.) Gomont 
Growing in felt-like mats on submerged aquatic seed plants. Trumbull Lake, 
Clay County. August. 
Lyngbya contarta Lemm. 
Occurring with plankton including Aphanocapsa, Aphanothece, and Microcystis 
in Virgin Lake, Clay County. May. 
Lyngbya lagerheimii (Mob.) Gorn. 
Forming a flocculent light. green mass on stems of submerged seed plants and in-
cluding suspended in its meshes, many diatoms. Lost Island Lake Bridge, Clay Coun-
ty. August. 
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Lyngbya major Meneghini 
Intermingled with green algae around stems of aquatic seed plants in Mud Lake, 
Clay County. September. 
Spirulina major Kiitz. 
With plankton in Virgin Lake. August. 
Subord. HETEROCYSTINEAE 
(Multiseriate, filamentous blue-greens) 
NOSTOCACEAE (Nostoc Family) 
Anabaena californica Borge 
Forming mats around green algae and around stems of aquatic .seed plants in 
Trumbull Lake, Clay County. August. 
Anabaena cycadeae Reinke 
Nostoc punctiforme (Kiitz.) Harriot 
Growing on fruiting Rhizoclonium and in mats on other filamentous algae in 
Round Lake, Clay County. August. 
Anabaena hallensis (Jancz.) Born. and Flah. 
Intermingled with fruiting Rhizoclonium and other filamentous algae in Trum-
bull Lake, Clay County. August. 
Aphanizomenon flos aquae (L.) Ralfs 
Abundant in Lost Island Lake. Associated with Microcystis aeruginosa and 
Anabaena flos-aquae. May to September. 
Nostoc commune Vaucher 
Attached to filamentous algae in shallow water around the border of lakes. 
RIVULARIACEAE (Rivularia Family) 
Coeleosphaerium kutzingianum Niigeli 
Not abundant. Associated with Gloeotrichia echinulata in September. 
Gloeotrichia echinulata (J. E. Smith) P . Richter 
Plankton in Lost Island Lake in August and September. 
Gloeotrichia natans (Hedw.) Rabenhorst 
Epiphytic on 1he stems of submerged seed plants in Round Lake, Clay County. 
Abundant. September. 
Gloeotrichia pisum (Agardh) Thuret 
Attached to the stems of water plants in Round Lake, Clay Co., and Mud Lake, 
Palo Alto Co. 
Rivularia compacta Collins 
Attached to stems of Potamogeton in Round Lake, Clay County. Common. 
August. 
Class HETEROKONT AE 
(Yellow-green algae) 
TRIBONEMATACEAE (Tribonema Family) 
Tribonema bombycinum (Agardh) D. and S. 
Frequent in spring in roadside ditches and grassy marshes. Clay and Palo Alto 
Counties. May. 
Tribonema minus (Wolle) Hazen 
Common with other filamentous algae in roadside ditches Clay and Palo Alto 
Counties. May. 
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Eudorina elegans Ehr. 
Div. CHLOROPHYTA 
(Yellow-green algae) 
Class CHLOROPHYCEAE 
(Grass-green algae) 
Ord. VOLVOCALES 
(Free-swimming, colonial, green algae) 
VOLVOCACEAE (Volvox Family) 
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Small pools, borders of lakes and ponds in quiet water, Clay and Palo Alto 
Counties. May and August. 
Pleodorina californica Shaw 
Roadside ditches, ponds or quiet bays of lakes, Clay and Palo Alto Counties. 
May and August. 
Ord. TETRASPORALES 
(Non-motile, colonial, green algae) 
PALMELLACEAE (Palmella Family) 
Gloeocystis gigas (Kutz.) Lagerheim 
Among filaments of Oedogori:ium, Spirogyra and Geminella at the Inlet of Lost 
Island Lake, Palo Alto County. May. 
Ord. ULOTRICALES 
(Uninucleate, uniseriate, filamentous green algae) 
ULOTRICACEAE (Ulothrix Family) 
Geminella minor (Nageli) Heering 
Among filamentous algae, Inlet of Lost Island Lake, Clay Co. May. 
Ulothrix zanata (Webb. and Mehr.) Kutz. 
In grassy pools, swamps and sloughs, with filamentous algae. May and June. 
CYLINDROCAPSACEAE (Cylindrocapsa Family) 
Cylindrocapsa geminella Wolle 
Pond in Dewey's Pasture. North bay of Virgin Lake. 
Microthamnion keutzingianum Nageli 
Attached to the stems of submerged aquatic plants. Mud Lake. Round Lake. 
Trumbull Lake. 
CHAETOPHORACEAE (Chaetophora Family) 
Chaetophara elegans (Roth) Agardh . 
Attached to stems in the cold, running water of a spring in Logan Twp., Clay Co.; 
in a similar habitat in a spring east of Lost Island Lake. 
Drapa.rnaldia glomerata (Vauch.) Agardh 
Pools, grassy ponds and borders of lakes, Clay and Palo Alto Counties. April and 
May. - ·. -: 
Entocladia pithopharae (G. S. West) Smith 
Endoderma pithophorae G. S. West 
Common on filaments . of Pithophora, Rhizoclonium, Cladophora and stems of 
submerged water plants in the lakes of Clay and Palo Alto Counties. July and August. 
Microthamnion keutzingianum Nageli 
Attached to the stems of submerged aquatic plants. Mud Lake. Round Lake. 
Trumbull Lake. 
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Stigeoclonium lubricum Kiltz. var. varians (Hazen) Collins 
Myxonema lubricum var. varians Hazen 
Attached to stones on the wave washed shore of Lost Island Lake, Clay and Palo 
Alto Counties. May. 
Ord. CLADOPHORINEAE 
(Multicellular, filamentous green algae with multinucleate cells) 
CLADOPHORACEAE (Cladophora Family) 
Cladophora canalicularis (Roth.) Kiltz. 
Attached to stones on the wave beaten beaches of lost Island Lake in Clay and 
Palo Alto Counties. May. 
Cladophora crispata (Roth.) Kiltz. forma vitrea (Kiltz.) Rab. 
Forming loose masses among stems of submerged water plants in Round Lake, 
Clay County. May. 
Cladophora glomerata (L.) Kiltz. 
Anchored on rocks along the southwest shore of Lost Island Lake in Clay and 
Palo Alto Counties. May and October. 
Pithophora varia Wille 
In lakes of Clay and Palo Alto Counties. Fruiting in Trumbull Lake in August. 
Forms blankets over submerged plants in early summer. 
Rhizoclonium crispum Kiltz. 
Occurring in lakes of Clay and Palo Alto Counties throughout the year. Floating 
in mats. June to July. 
Rhizoclonium hieroglyphicum (Ag.) Kiltz. 
Occurring in the lakes of Clay and Palo Alto Counties throughout the year. 
Forming blanket-like mats which shade submerged plants in early summer. A 
copious growth was noted on the shell of a snapping turtle in Round Lake. May. 
Rhizoclonium hookeri Kiltz. 
Forming mats on the surface of lakes and sloughs in Clay and Palo Alto Counties 
throughout the year. In May, 1941, a copious cushion of this species was noted on the 
bank of Pickerel Run from which issued a flowing spring. Grows actively in early 
summer and fruits during July and August. 
SPHAEROPLEACEAE (Sphaeroplea Family) 
Sphaeroplea annulina (Roth.) Ag. 
In Roun~ Lake with filamentous algae. 
Ord. SIPHONALES 
(Siphon-like green algae, with multinucleate cell and multiciliate zoospores) 
VAUCHERIACEAE (Vaucheria Family) 
Vaucheria DC. 
The following species are reported for this section of Iowa in Dickinson County' : 
Vaucheria geminata (Vauch.) DC., V . longipes Collins, V. orthocarpa Reinsch, 
and V. sessilis (Vauch.) DC. 
• Collections of algae made periodically during 5 years appear to have disappeared 
from their place of storage. Since the periodicity of algal occurrence requires collec-
tion to be made at intervals in order to secure fruiting stages, it was impossible to 
replace the material needed for study of the group of filamentous forms. For this 
reason, the records of Prescott and Tiffany from Dickinson County are cited to show 
what species have been reported from a territory thirty miles distant. 
Ord. OEDOGONIALES 
(Filamentous, uninucleate green algae with multiciliated zoospores) 
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OEDOGONIACEAE (Oedogonium Family) 
Bulbocha.ete Agardh 
According to Tiffany (1926) and Prescott (1931) the following species of Bulbo-
cha.ete are found in Dickinson County which is adjacent to Clay and Palo Alto Counties. 
Bulbocha.ete conjener Hirn, B. gigantea Pringsheim, B. intermedia Debary, B. minor 
A. Braun, and B. varia.ns Wittr. 
Oedogonium supremum Tiffany 
Occurring in ponds and shallow pools. Clay and Palo Alto Counties. May. 
The records of Tiffany (1926) and Prescott (1931) list the following species for this 
region: Oedogonium acrosporum DeBary, Oe. anomalum Hirn, Oe. aerolatum Lager-
heim, Oe. bohemicum Hirn, Oe. borisianum (Le Cl.) Wittr., Oe. boscii (Le Cl.) Wittr., 
Oe. braunii Kiitzing, 0. capilliforme Kiitzing, Oe. cardiacum (Hass.) Wittr., Oe. cilia-
tum (Hass.) Pringsheim, Oe. conca.tenatum (Hass.) Wittr., Oe crassiusculum Wittr. 
var. a idioa.ndrosporum Nordst. and Wittr., 0. crassum (Hass.) Wittr., Oe. crenula.to-
costatum Wittr., Oe. crispum (Hass.) Wittr., Oe. cyathigerum Wittr., Oe. decipiens 
Wittr., Oe. dictyosporum Wittr., Oe. exocostatum Tiffany, Oe. exospirale Tiffany, Oe. 
flavescens (Hass.) Wittr., Oe. fonticola A. Braun, Oe. fragile Wittr., Oe. franklinianum 
Wittr., Oe. globosum Nordsted, Oe. gracillinum Wittr. and Lund, Oe. grande Kutz., Oe. 
hirnii Gutw., Oe. hystricinum Transeau and Tiffany, Oe. infimum Tiffany, Oe. inversum 
Wittr., Oe. iowense Tiffany, Oe. landsboroughii (Hass.) Wittr., Oe. latiusculum Tiffany, 
Oe. longatum Kiltz., Oe. macrandium Wittr., Oe. niacrospermum West and West, 
0. nanum Wittr., 0. oblongum Wittr., 0. oviforme (Lewis) Hirn, Oe. paucocostatum 
Transeau, Oe. pisa.num Wittr., Oe. plagiostomum Wittr., Oe pratense Transeau, Oe. 
pra.ticolum Transeau, Oe. pringsheimii Cram., Wittr. Oe. pusillum Kirchner, Oe. ru-
fescens Wittr., Oe. rugulosum Nordstedt, 0. suecicum Wittr., Oe. supremum Tiffany, 
Oe. tyrolicum Wittr., Oe. varians Wittr. and Lund, Oe. vaucherii (Le Cl.) A. Braun; 
Wittr., Oe. welwitchii West, Oe. wyliei Tiffany. 
Deba.rya Wittr. 
Ord. ZYGNEMATALES 
(Conjugating filamentous algae) 
ZYGNEMACEAE (Zygnema Family) 
Debarya decus.~ata Transeau is recorded for Dickinson County. 
Mougeotia Agardh 
The following are reported for Dickinson County: Mougeotia elegantula Wittr., 
M. genuflexa (Dillw.) Agardh, M. nummuloides (Hass.) DeToni, M. robusta (DeBary) 
Wittr., M. scalaris Hassal, M. sphaerocarpa Wolle, M. tenuis (Cleve.) Wittr. 
Spirogyra porticalis (Muller) Cleve. 
Generally distributed in lakes of Clay and Palo Alto Counties. Fruiting in May. 
Spirogyra. tenuissima. (Hass.) Kiltz. 
Abundant in Inlet of Lost Island Lake. Recurrent in lakes, ponds and pools. May. 
The following occur in Dickinson County according to Prescott (1931) and Tiffany 
(1926): Spirogyra angolensis Welwitsch, S. borgeana Tran., S. borysthenica Kasau 
and Smirn, S. braziliensis (Nordstedt) Transeau, S. catena.eformis (Hass.) Kiltz., S. 
circumlinea.ta Transeau, S. cra.ssa. Kiltz., S. daeda.lea Lagerheim, S. decimina. (Muller) 
Kiltz., S. fluviatilis Hilse, S. hylina Cleve., S. jiiergensii Kiltz., S. laxa. Kiltz., S. longa.ta 
(Vauch.) Kiltz., S. majuscula Kiltz., S. maxima. (Hass.) Wittr., S. nitida (Dillw.) 
Link, S. novae-angliae Trans., S. pratensis Trans., S. protecta Wood, S. qua.drata 
(Hass.) Petit, S. reticula.ta. Nord., S. spreeia.na Rab. S. stictica (Eng. Bot.) Wille, S. 
subreticula.ta. Fritsch, S. varians (Hass.) Kiltz. 
Zygnema Agardh 
For Dickinson County are recorded: Zygnema cruciatum (Vauch.) Agardh, 
Z. pectina.tum (Vauch.) Agardh, and Z. stellinum (Muller) Agardh. 
Div. CHAROPHYTA 
(Characeous Plants) 
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Nitella opaca Agardh 
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CHARACEAE (Chara Family) 
Sub-Fam. NITELLEAE 
Occurring in Round, Trumbull, Mud and Virgin Lakes in Dan Green Slough 
and in Ponds in Dewey's Pasture. May and September. 
Tolypella glomerata Leonhard 
Round Lake, Clay County, Fruiting in August. 
Sub-Fam. CHAREAE 
Chara braunii Gmel. 
Lakes and sloughs, Clay and Palo Alto Counties. 
Chara contraria A. Braun 
Lakes and swamps, Clay and Palo Alto Counties. 
Chara fragilis Desvaux 
Ponds and sloughs, Clay and Palo Alto Counties. 
Chara vulgaris L. 
C. foetid.a. A. Br. 
Recurrent in hanging bogs, Clay and Palo Alto Counties. 
Div. BRYOPHYTA 
(Liverworts and Mosses) 
Class HEP A TICAE 
(Liverworts) 
FRULLANIACEAE (Scale-leaved Liverwort Family) 
Frullania eboracensis Gotts. 
Ann. Bry. 10:3-8, 1938. 
H.S. Conard, occurring on bark, Clay Co. 
Frullania inf la ta L. and L. 
Two miles southeast of Spencer, H.S. Conard, Clay Co. Three miles southwest 
of Emmetsburg, H .S. Conard, Palo Alto ·co. 
MARCHANTIACEAE (Leafy Liverwort Family) 
Conocephalum conicum (L.) Dum. Conocephalum 
On a damp soil and on roots of trees bordering a woodland spring along the Des 
River one and one-half miles west of Osgood (7,556), Palo Alto Co. 
Mannia fragrans (Balbis) Frye and Clark Fragrant Mannia 
On gravelly soil, in spaces not covered by grass. 
Marchantia polymorpha L . Marchan~ia 
Wet soil around a prairie spring five miles east of Ruthven, Palo Alto Co. 
RICCIACEAE (Water Liverwort Family) 
Ricciocarpus natans (L.) Corda Purple-Fringed Riccia 
Ann. Bry. 10:2-8, 1938. 
Riccia natans L. 
Frequent in clear reedy water of ponds and sloughs; also on moist earth. 
Riccia beyrichiana Hampe Beyrich's Riccia 
On bare soil of furrows at the edge of a low meadow bordering a cornfield. Five 
miles north of Lost Island Lake (7,557), Palo Alto Co. 
Riccia fluitans L. Slender Riccia 
Frequent in clear water of ponds and sloughs. 
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Riccia frostii Austin 
Three miles west of Emmetsburg at the intersection of Highways 17 and 18. 
Growing on moist soil bordering a recently dried pond filled with Scirpus validus, in a 
cornfield. Associated with Riccio carpus natans (7,565), Palo Alto Co. 
ANTHOCEROTACEAE (Anthoceros Family) 
Anthoceros pu.nctatus L. Dotted Anthoceros 
On damp soil in a fallow oat field five miles north of Lost Island Lake. Associated 
with Notothylas orbicularis (7,563), Palo Alto Co. 
Notothylas orbicularis (Schwein.) Sull. Notothylas 
On damp soil in a fallow oat field five miles north of Lost Island Lake (7,563), 
Palo Alto Co. 
Class MUSCI 
(Mosses) 
POLYTRICHACEAE (Polytrichum Family) 
Atrichum angustatum (Brid.) Bry. Eur. Atrichum 
See Moss Flora of N.A. 1:100, 1936. The Bryologist 43:117, 1941. 
Catharinea angustata Brid. 
Dry hillside, Wanata State Park, one mile south of Peterson (9,699) ~ " Clay Co. 
DITRICHACEAE (Ditrichum Family) 
Ceratodon pu.rpureus (Hedw.) Brid. Ceratodon 
Shaded woodland slope one mile west of Gillett Grove (9,713) , Clay Co. Frequent 
on eroding banks. 
POTTIACEAE (Pottia Family) 
Barbula unguiculata Hedw. Common Barbula 
Two miles southeast of Spencer, H .S. Conard, Clay Co. 
Tortula mucronifolia Schw. Twisted Moss 
On well-curb at farm west of Spencer, H.S. Conard, Clay Co. 
FUNARIACEAE (Funaria Family) 
Funaria hygrometica Hedw. Cord Moss 
Bordering a spring along the margin of Pickerel Run · at the southeast entrance 
to Dickens along Highway 18 (9,708), Clay Co. 
Physcomitrium turbinatum (Michx.) Brid. Urn Moss 
Border of a spring along Pickerel Run at the southeast entrance to Dickens, on 
Highway 18 (9,710), Clay Co. Around a bog one and one-half miles west of Osgood 
(9,965), Palo Alto Co. 
ORTHOTRICHACEAE (Orthotrichum Family) 
Orthotrichum pumilum Dicks. Dwarf Orthotrichum 
See Moss Flora of N. A. 2:128, 1935. 
0. schimperi Hamm. 
Three miles southwest of Emmetsburg, H. S. Conard, Palo Alto Co. 
TIMMIACEAE (Timmia Family) 
Timmia megapolitana Hedw. Timmia 
Moist soil, wooded slopes along the Little Sioux River, one mile sou.th of Peterson 
(9,702) , Clay Co. In a hanging bog, woodland along the Des Moines River, one and 
one-half miles west of Osgood (9,968 and 9,969), Palo Alto Co. 
BRYACEAE (Bryum Family) 
Bryum argenteum (L.) Hedw. Silvery Bryum 
On wooden well curb at farm west of Spencer, H.S. Conard, Clay Co. 
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Bryum caespiticium (L.) Hedw. Common Bryum 
H. S. Conard, Clay Co. 
Bryum cuspidatum (Bry. Eur.) Schimp. Cusp-leaved Bryum 
B. affine Lindb. 
Around a spring bordering Pickerel Run at the entrance to Dickens, along High-
way 18 (9,706); moist hillside one mile west of Gillett Grove (9,691), Clay Co. 
Leptobryum pyriforme (Hedw.) Schimp. Long-necked Bryum 
In rotted cavity of a tree, Emmetsburg, Hubert Pye, Palo Alto Co. 
MNIACEAE (Mnium Family) 
Mnium affine Bland Toothed Mnium 
Moist wooded slope, one mile west of Gillett Grove (9,726) , Clay Co. 
Mnium cuspidatum Hedw. Woodsy Mnium 
Moist, shady hillsides along the Little Sioux River, Wanata State Park (1,057 and 
9,700), Clay Co. Bark of a tree one and one-half miles west of Osgood along the 
Des Moines River (9,725 and 9,726), Palo Alto Co. 
HYPNACEAE (Hypnum Family) 
Amblystegium varium (Hedw.) Lindb. Variable A. or Feather Moss 
Wet soil along the south shore of Lost Island Lake (9,723); three miles southwest 
of Emmetsburg, H. S. Conard, Palo Alto Co. 
Brachythecium acutum (Mitt.) Sul!. Sharp-leaved B. or Feather Moss 
H. S. Conard, Clay Co. 
Brachythecium oxycladon (Brid.) J . and G. Long-capsuled B. or Feather Moss 
Two miles northeast of Spencer, H. S. Conard; two miles southeast of Spencer, 
H. S. Conard, Clay Co., one and one-half miles west of Osgood in a hanging bog along 
the west side of the Des Moines River (9,972) , Palo Alto Co. 
Brachythecium rutabulum (Hedw.) Bry. Eur. Rough-stalked B. or Feather Moss 
See Bryologist 43:126, 1940. 
Moist woodland, one mile west of Gillett Grove (9,694) , Clay Co. 
Bryhnia graminicolor (Brid.) Grout Grass-colored B. or Feather Mess 
Moist soil along the Little Sioux River in Wanata State Park at Peterson (9,702), 
Clay Co. 
Campylium hispidulum (Brid.) Mitt. Bristly C. or Feather Moss 
See Moss Flora of N. A. 3:78. 1931. 
Hypnum hispidulum (Brid.) Mitt. 
Wet, low woods along the Little Sioux River in Wanata State rark, Peterson 
(9,720 and 9,698) , Clay Co. 
Campylium stellatum (Hedw.) Lange and C. Jens. var. protensum (Brid.) Rohl. 
H. protensum Brid. Creeping C. or Feather Moss 
Swampy area around prairie spring, on knolls (1,063 and 9,966), Palo Alto Co. 
Chamberlainia acumi.nata (Hedw.) Grout Erect Feather Moss 
See Moss Flora of N.A. 3:27. 1928. 
Brachythecium acuminatum (Hedw.) Kindb. 
On bark of a tree, along slopes of hills bordering the Little Sioux River, at Gillett 
Grove (1,064), Clay Co. On trees along the south bank of Rush Lake (9,729) , Palo 
Alto Co. 
Drepanocladus aduncus (Hedw.) Warnst. Swamp D. or Sicklebranch Moss 
Springy ground on the trunk of a willow at the entrance to Dickens along 
Pickerel Run, near Highway 18 (9,705b); moist woodland one mile west of Gillett 
Grove (9,616 and 9,692), Clay Co. 
Drepanocladus aduncus (Hedw.) Warnst. var. intermedius (Lindb.) Warnst. Swamp D. 
Margin of a spring bordering Pickerel Run at entrance to Dickens (9,711); moist 
woodland one mile west of Gillett Grove (9,695), Clay Co. 
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Drepanocladus aduncus (Hedw.) Warnst. var. kneiffii (Bry. Eur.) Warnst. 
Kneif's D. or Sicklebranch Moss 
Frequent in 2-4 feet of water in Dan Green Slough (9,731) , Clay Co. Growing 
in 2-4 feet of water in Virgin Lake and Mud Lake (9,732), Palo Alto Co. Abundant 
locally. 
Drepanocladus aduncus (Hedw.) Warnst. var. polycarpus (Bland.) Warnst. 
f. graciliens Br. and Sch. Many-fruited D. or Sicklebranch Moss 
In a hanging bog one and one-half miles west of Osgood on the west side of the 
Des Moines River, Palo Alto Co. 
Entodon compressus (Hedw.) G. Muell. Slender Entodon 
Two miles east of Spencer, H. S. Conard, Clay Co. 
Entodon seductrix (Hedw.) C. Muell. Round-stemmed Entodon 
Two miles southeast of Spencer, H. S. Conard, Clay Co . 
. 
Eurynchium hians (Hedw.) J . & S. Light-beaked Moss 
Two miles southeast of Spencer, H. S. Conard, Clay Co. 
Eurynchium serrulatum (Hedw.) Lindb. Dark-beaked Moss 
Wet soil along a stream in Wanata State Park at Peterson. Associated with 
Mnium cuspidatum and Campylium hispidulum (9,698), Clay Co. 
Hygroamblystegium irriguum (Wils.) Loeske Rigid Feather Moss 
Moss Flora of N.A. 3:72. 1931. 
Amblystegium irriguum Wils. 
On the trunk of a willow, in springy ground at the entrance to Dickens along 
Highway 18 on Pickerel Run (9,705 and 9,709); on moist slopes, along the Little Sioux 
River, in Wanata State Park at Peterson, (9,701) ; Gillett Grove (9,715), Clay Co. Wet 
soil around a hanging bog in woods along the Des Moines River one and one-half 
miles west of Osgood (9,727 and 9,728), Palo Alto Co. Frequent. 
Hypnum patientiae Lindb. 
See Bryologist 43:128. 1941. 
H. arcuatum Lind. 
In a hanging bog one and one-half miles west of Osgood along the west side of 
the Des Moines River (9,970 and 99,731), Palo Alto Co. 
Leptodictyum riparium (Hedw.) Warnst. Waterside Feather Moss 
See Moss Flora of N.A. 1:64. 1925. 
Amblystegium riparium Br. and Sch. 
Springy ground on the trunk of a willow at the entrance to Dickens along the 
Little Sioux River in Wanata State Park at Peterson (9,720) ; wet woods one mile west 
of Gillett Grove (9,714) , Clay Co. 
Leptodictyum brevipes (Card. and Thir.) Broth. Short-leaved A. or Feather Moss 
See Moss Flora of N.A. 1:66. 1928. 
Amblystegium brevipes Card. and Thir. 
On well curb at farm west of Spencer, H. S. Conard, Clay Co. 
Platygyrium repens (Brid.) Bry. Eur. Creeping platygyrium 
Two miles southeast of Spencer, H. S. Conard, Clay Co. 
LESKEACEAE (Leskea Family) 
Anomodon attenuatus (Hedw.) Hiiben. Slender Anomodon 
Wet woods, along the Little Sioux River, Wanata State Park, Peterson (9,719; 
two miles southeast of Spencer, H. S. Conard, Clay Co. 
Anomodon minor (Beauv.) Lindb. Blunt-leaved Anomodon 
Slopes of hills along the Little Sioux River, Wanata State Park, Peterson (1,059); 
one mile west of Gillett Grove (9,718) , Clay Co. Three miles southwest of Emmets-
burg, H . S. Conard, Palo Alto Co. 
A nomodon rostratus (Hedw.) Schimp. Beaked Anomodon 
Moist slope, along the Little Sioux River, Wanata State Park, (9,703), Clay Co. 
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Leskea graciliens Hedw. Slender Leskea 
Woodland or semi-open, on the bark of trees, the most common moss of the re-
gion. 
Leskea obscura Hedw. 
Border of a spring along the margin of Pickerel Run at the entrance to Dickens 
(9,707), Clay Co. 
Lindbergia brachyptera (Mitt.) Kind. var. Austinii (Sull.) Grout 
Leskea austinii Sul!. I Austin 's Lindbergia 
Fabroleskea austinii Best. 
Lindbergia austinii Benth. 
Three miles southwest of Emmetsburg, H. S. Conard, Palo Alto Co. 
Div. PTERIDOPHYTA 
(Fern Plants) 
OPHIOGLOSSACEAE (Adder's Tongue Family) 
Botrychium virginianum (L.) Sw. Rattlesnake Fern 
In a moist, shady ravine above the Little Sioux River in Wanata State Park 
(5,065) , Clay Co. Rare. 
POLYPODIACEAE (Fern Family) 
Adiantum pedatum L. Maidenhair Fern 
Wooded slopes along the Little Sioux River, one mile west of Gillett Grove 
(936) , Clay Co. Infrequent. 
Athyrium angustum (Willd.) Presl. Lady Fern 
See Rhodora 19: 190. 1917 
Asplenium filix-foemina Bernh. 
Once abundant along the slopes of wooded hills along the Little Sioux River, 
now nearly extinct (1,003) , Clay Co. 
Cystopteris fragilis (L.) Bernh. Fragile Fern 
Wooded hillsides along the Little Sioux River east of and in Wanata State Park, 
south of Peterson (897), Clay Co. 
Pteretis nodulosa (Michx.) Nieuwl. Ostrich Fern 
See Rhodora 21:178. 1919. 
Onoclea struthiopteris (L.) Hoffm. 
Once abundant along the slopes of hills along the Little Sioux River at Peterson 
(1,003) , Clay Co., now nearly extinct. 
EQUISETACEAE (Horset~il Family) 
Equisetum arvense L. Common Horsetail 
Common along streams and railroad eml;>ankments. • 
Equisetum fluviatile L. Swamp Horsetail 
Growing in one to two feet of water in Johnson's Slough, one-fourth mile east 
of Lost Island Lake (9,312 and 9,192) , Palo Alto Co. 
Equisetum laevigatum A. Br. Smooth Horsetail or Scouring Rush 
Three miles east of Spencer along the Little Sioux River (962) , Clay Co. Fre-
quent . 
Equisetum palustre L. Marsh Horsetail 
In a bog along the West Fork of the Des Moines River, one and one-half miles 
west of Osgood (5,063) , Palo Alto Co. 
Equisetum pratense Ehrh. Meadow Horsetail 
Alluvial ground along the Little Sioux River one mile west of Gillett Grove 
(937) ; in Wanata State Park at Peterson (10,032); along Pickerel Run near Dickens, 
Clay Co. 
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Div. SPERMATOPHYTA 
Subdiv. GYMNOSPERMAE 
PINACEAE (Pine Family) 
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Juniperus virginiana L. Red Cedar 
Hilltops along the West Fork of the Des Moines River (840), Palo Alto Co. Wood-
land at Gillett Grove and Wanata State Park at Peterson, along the Little Sioux River, 
Clay Co. 
Juniperus virginiana L. var. scopulorum (Sarg.) Lemmon Western Red Cedar 
See Rhodora 43:349. 1941. 
Juniperus scopulorum Sarg. 
Gravelly prairie hills on the west border of Clay Co., in Peterson Twp., Sec. 30. 
Infrequent. 
Subdiv. ANGIOSPERMAE 
Class MONOCOTYLEDONEAE 
TYPHACEAE (Cat-tail Family) 
Typha angustifolia L. Narrow-leaved Cat-tail 
Frequent in large stands in shallow alkaline lakes. Barringer's Slough, southwest 
border of Lost Island Lake, Round Lake, Mud Lake, Dewey's Pasture, and Elk Lake, 
Clay Co. Lost Island Lake, Mud Lake, Virgin Lake, and Johnson's Slough, Palo Alto 
Co. 
Typha angustifolia L. var. longespicata Peck, Rept. N.Y. State Bot. in 47th Ann. Rep't 
of New York State Museum. 162, 1894. Long-spiked Narrow-leaved Cat-tail 
T. angustif olia var. virginica Tidestrom. Rhodora 13: 242. 1911. 
See Trans. Wis. Acad. Sci. Arts and Let. 25:183-184. 1930. 
Common in Round Lake and Mud Lake, probably more abundant than the typical 
variety. Pollen in tetrads, rachilla hard. Other hybrid forms with the general aspect 
of T. angustifolia or of its long-spiked variety are found. 
Typha latifolia L. Broad-leaved Cat-tail 
Margins of shallow lakes, ponds, wet roadsides and marshes. Mud Lake, Dewey's 
Pasture, Barringer's Slough, Clay Co. Mud Lake (9,321), Lost Island Lake, Johnson's 
Slough, Palo Alto Co. Typha latifolia is less common than its long-spiked variety or 
T. angustifolia and its long-spiked variety. 
Typha latifolia L. var. elongata (Dudley) Wiegand Bull. Cornell Univ. 2: 102. 1886. 
Long-spiked Broad-leaved Cat-tail 
Abundant in shallow alkaline lakes. Most common in Mud and Round Lakes 
in both Clay and Palo Alto Counties. Pollen in tetrads, rachilla soft. 
SPARGANIACEAE (Bur-reed Family) 
Sparganium americanum Nutt. American Bur-reed 
Occurring in small patches toward the north side of Johnson's Slough (11,231), 
Lost Island Twp., Sec. 29., Palo Alto Co. 
Sparganium eurycarpu.m Engelm. Large Bur-reed 
Abundant and widely distributed in the marginal zone of lakes, entirely filling 
ponds and occupying large areas in swamps and marshes, as a phase of emergent suc-
cession. 
NAJADACEAE (Pondweed Family) 
Najas flexilis (Willd.) Rostk. and Schmidt Slender Naiad 
Common in shallow water one-fourth feet in depth, in lakes and sloughs of Clay 
and Palo Alto Counties. 
Najas guadalupensis (Spreng.) Morong Guadaloupe Naiad 
In shallow water on the south side of Mud Lake (825) ; Round Lake (827) ; the 
bay on the west side of Trumbull Lake (101,133), Clay Co. 
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Potamogeton americanus Cham. and Schlecht. Long-leaved Pondweed 
P. fluitans Roth. 
P. longites Tuckerm. 
Abundant in open water at Round Lake on the borders and west bay of Trumbull 
Lake, in spots on Virgin and Elk Lakes. Fruits heavily. 
Potamogeton amplifolius Tuckerm. Large-leaved Pondweed 
Located only in the east side of Round Lake. 
Potamogeton foliosus Raf. var. macellus Fernald Leafy Pondweed 
Mem. Gray Herb. 3:43. 1932. 
In clear water in a shallow bay on the west side of Trumbull Lake (10,119 and 
10,124); north end of Dan Green Slough in dark brown water (820); Round Lake, 
Clay Co. In the south bay of Virgin Lake (10,125), Palo Alto Co. Infrequent in Mud 
Lake. Widespread. Fruits regularly. 
Potamogeton gramineus L. var. grnminifolius Fries Grass-leaved Pondweed 
See Rhodora 23:189. 1921. 
P. graminifolius (Fries) Freyer 
P . heterophyllus var. graminifolius (Fries) Wats. and Coulter 
In clear water of a grassy marsh, outlet of Lost Island Lake (821 and 864), Clay 
Co. The dominant pondweed in Johnson's Slough (11,066), where it fruits abundantly, 
Palo Alto Co. 
Potamogeton natans L. Common Floating Pondweed 
Occasional, shallow water, east margin of Round Lake (823); West bay of Trum-
bull Lake (11,008 and 11,009) ; in shallow bay at south end of Virgin Lake, Clay Co. 
Some seasons more abundant than others. 
Potamogeton panormitanus Biv. var. minor Biv. The Panormitanic Pondweed 
See Mem. Gray Herb. 3:64. 1932. 
P. gracilis Fries 
P. pusillus var. vulgaris subvar. interruptus Robbins 
Frequent in 2-3 feet of water in Round Lake (10,120); south bay of Virgin Lake, 
Palo Alto Co. Most of Iowa material has been called P. pusillus. 
Pontamogeton pectin.atus L. Sago Pondweed 
Widely distributed in practically all lakes and swamps. The chief pondweed 
in Dan Green Slough, Elk, Mud and Virgin Lakes. Common in Round Lake. Fruits 
heavily. 
Potamogeton richardsonii (A. Benn.) Rydb. Clasping-leaved Pondweed 
P. perfoliatus richardsonii A. Benn. 
P. perfoliatus lanceolatus Robbins 
Widely distributed and regularly recurrent, but not abundant except in Round 
Lake in large isolated colonies. Fruits sparingly. 
Potamogeton zosteriformis Fernald Eel-grass Pondweed 
See Mem. Gray Herb. 3: 36. 1932. 
P. compressus of auths. not L. 
P. zosterifolius of Am. auth. not Schumacher 
Frequent in Round Lake and in the South Bay of Virgin Lake. Occasional in 
other lakes of the Ruthven area. Fruits sparsely. 
Zannichellia palustris L. Horned Pondweed · 
Occurring in sandy areas in Round, Lost Island, Virgin, Mud Lakes, and Dan 
Green Slough, generally in clear shallow water. Very abundant in Mud Lake around 
the margins when the water is low. 
JUNCAGINACEAE (Arrow Grass Family) 
Triglochin maritima L. Seaside Arrow-grass 
Same habitat and location as T. palustris (722 and 747) , Palo Alto Co. and more 
common. Six miles south of Dickens in a hanging bog (8,033), Clay Co. 
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Triglochin palustris L. Marsh Arrow-grass 
Marshy zone around springs outcropping from knolls five miles east of Ruthven 
(743 and 745), Palo Alto Co. Rare, but recurrent in hanging bogs. 
ALISMACEAE (Water-plantain Family) 
Alisma subcordatum Raf. Water Plantain 
See Arkiv f. Bot. 24A': 19. 1932. 
Alisma Plantago-aquatica of Am. auth. in part, not L. 
Widespread around borders of lakes, ponds and sloughs constituting an early 
phase of the emergent flora. Abundant. Young leaves float on water. 
Lophotocarpus calycinus (Engelm.) J. G. Smith Large Lophotocarpus 
Abundant locally on the northeast shore of Round Lake and along the outlet of 
Trumbull Lake (721 and 733), Clay Co. Medium Lake, Palo Alto Co. 
Sagittaria cuneata Sheldon Arum-leaved Arrowhead 
S. arifolia Nutt. 
Widely distributed in the Ruthven area around the edges of lakes, ponds and 
marshes. Produces lance-linear phyllodia and elongated petioles on the blade bear-
ing leaves, which float when young. 
Sagittaria latifolia Willd. Broad-leaved Arrowhead 
Widely distributed in the Ruthven Area, but less common than S. cuneata. Has 
variable leaves. 
Sagittaria graminea Michx. Grass-leaved Arrowhead 
Upland shallow pond, along roadside one mile west of Round Lake (738), Clay 
Co. Margin of small pond in pasture, five miles east of Ruthven and one-fourth 
mile south of the viaduct in Highway 18 (731), Palo Alto Co. 
HYDROCHARITACEAE (Frog-bit Family) 
Anacharis canadensis (Michx.) Planchon Waterweed 
See Contr. Lab. Bot. Univ. Montreal, No. 18, 40, 1931. 
See also Rhodora 34: 114-116, 1932. 
Elodea canadensis Michx. in part. 
Philotria canadensis (Michx.) Britton in part. 
Elodea iowensis Wylie 
Clear, quiet water of Pickerel Run at the entrance to Dickens (735), Trumbull, 
Mud, Lost Island, Virgin, and Round Lakes. 
Vallisneria spiralis L. Freshwater Eel Grass 
More than 50 colonies have been located on the northernmost bay of Trumbull 
Lake growing in silt in water 2-6 feet deep. The first collection was made by Jessup 
Low. Hayden (9,677 and 9,678), Clay Co. This plant was reported by J. L. Seal from 
Silver Lake, Palo Alto Co. in the Iowa Lake Bed Survey Report, 1917. 
GRAMINEAE (Grass Family) 
Agropyron pauciflorum (Schwein.) Hitchc. Slender Wheat Grass 
A. tenerum Vasey 
West of Mud Lake by the bridge (52) east of Spencer along the roadside (191). 
Moist meadow, four and one-half miles east of Ruthven. Frequent along lake banks. 
Agropyron repens (L.) Beauv. Quack Grass 
Common throughout the region. Along railroads, roadsides, cultivated fields and 
pastures. Introduced from Europe. 
Agropyron subsecundum (Link.) Hitchc. Bearded Wheat Grass 
A richardsonii Schrad. 
Five miles east of Ruthven in moist open prairie south of the viaduct over High-
way 18, (7,089); one-half mile west of Ruthven, Jess Fults (2,895), Palo Alto Co. 
Infrequent mostly in native prairie throughout the region. 
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Agropyron Smithii Rydb. Western Wheat Grass 
Common in Dewey's Pasture (114), Clay Co. Along railway four and one-half 
miles east of Ruthven (51), Palo Alto Co. Common along railroads and roadsides, 
also in cultivated fields and pastures. 
Agrostis alba L. Red Top 
Widespread in low prairie, pastures, around ponds and in marshes. 
Agrostis hiemalis (Walt.) B.S.P. Hair Grass 
Opposite Hughes prairie, dry gravelly soil roadside bank, Lost Island Twp., Sec. 
20. 70); five miles east of Ruthvien, low meadow (512), Palo Alto Co. 
Alopecurus aequ.alis Sobol 
See Rhodora 27: 195. 1925. 
A. aristulatu.s Michx. 
A. genicu.latus var. aristulatus (Michx.) Torr. 
Not infrequent around the edges of shallow ponds. 
Alopecuru.s carolinianus Walt. 
Moist open ground, old fields and wet places. 
Short-awned Foxtail 
Carolina Foxtail 
Andropogon furcatus Muhl. Tall Beardgrass or Tall Bluestem 
Common in low prairie, occurring along roadsides. 
Andropogon scoparius Michx. Prairie Beardgrass or Short Bluestem 
Common on upland prairie, also along roadsides. 
Aristida intermedia Scribn. and Ball Plains Aristida 
Eight miles east of Ruthven along the C.M. and St.P. R.R. track at the edge 
of a swale (73) , Clay Co. 
Aristida longiseta Steud. var. robusta Merrill. Three-awn Grass 
Steep slopes of prairie hillsides, about one mile east of Peterson along Highway 
10, (608) , Clay Co. 
Aristida oligantha Michx. Prairie Three-awn 
Five miles west of Emmetsburg, on a dry sahdy bank along the roadside (39), 
Palo Alto Co. 
Avena fatua L. Wild Oats 
Emmetsburg, L . H . Pammel (I.S.C. 98,450), Palo Alto Co. 
Beckmannia syzigachne (Steud.) Fernald American Slough Grass 
B. erucaeformis of Am. auth. in part, not Host. 
Growing sparsely about five miles east of Ruthven in a small pond south of the 
viaduct, over Highway 18. Sec. 25 of Highland Twp. (7,060 and 9,247); Sec. 30 of Lost 
Island Twp.1 Frances and Frederick Hamerstrom (I.S.C. 142,097), Palo Alto Co. Recur-
rent througnout the region. 
Bouteloua curtipendula (Michx.) Torr. Side-Oats Grama 
Common on upland prairie slopes. 
Bouteloua gracilis H.B.K. Slender Grama Grass 
B. oligostachya Torr. 
Frequent on upland prairie knolls. 
Bouteloua hirsuta Lag. Hairy Grama Grass 
Occurring on gravelly hilltops in prairie and persisting in blue grass pasture 
hilltops. 
Brachyelytrum erectum (Schreb.) Beauv. 
Rocky woodland slope along the Little Sioux River of Peterson (8,109) , Clay Co. 
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Bromus inermis Leyss. Smooth Brome Grass 
One mile north of Ruthven, dry roadside (106), Palo Alto Co. railroad right-of-
way, Freeman Twp., Sec. 14, Frances and Frederick Hamerstrom, (1.S.C. 142,110), 
Clay Co., Common. 
Bromus japonicus Thunb. Japanese Brome Grass 
South shore of Lost Island Lake, Electric Park (103), Palo Alto Co. 
Bromus latiglumis (Shear) Hitchc. Broad-glumed Brome Grass 
North wooded shore of Elk Lake (106), Clay Co. 
Bromus purgans L. Canada Brome 
Occurring in rocky woods. 
Bromus tectorum L. Downy Chess 
Common along roadsides and railroads, also in pastures. Introduced from Europe. 
Calamagrostis canadensis (Michx.) Beauv. Reed-bent or Blue-joint .Grass 
Common in swamps, marshes, low land bordering ponds and lakes. Abundant in 
the Outlet of Lost Island Lake, the marsh of Johnson's Slough, and Mud Lake. Common. 
Calamagrostis inexpa.nsa Gray Northern Reed Grass 
On hummocks in swampy areas, forming colonies at the border of marshes. 
Frequent. 
Calamovilfa longifolia (Hook.) Scribn. Long-leaved Reed Grass 
Two miles south of Ruthven on a hill in a pasture west of Virgin Lake (9,279), 
Palo Alto Co. 
Cenchrus pauciflorus Benth. Few-flowered Sandbur 
Margin of cornfield along Virgin Lake (119), Palo Alto Co. Sandy shore of 
Trumbull Lake, Frances and Frederick Hamerstrom (I.S.C. 142,104), Clay Co. 
Common along roadsides and in cultivated fields. 
Cinna arundinacea L. Stout W oodreed Grass 
Floodplain of the Little Sioux River in shade or openings of maple-basswood 
woodland. Moist alluvial soil (605), Clay Co. Moist soil under shade of willows 
by roadside running around the northeast side of Lost Island Lake (9,883), Palo Alto 
c~ . 
Dactylis glomerata L. Orchard Grass 
South shore of Lost Island Lake, Palo Alto Co. Roadside near Spencer, Clay Co. 
Digitaria ischaemum (Schreb.) Muhl. Smooth Crabgrass 
Syntherisma humifusum Rydb. 
Sandy beach south shore of Lost Island Lake ( 49) ; four miles east of Ruthven 
in an oatfield (122), Palo Alto Co. Common throughout the region in cultivated fields. 
Introduced from Eurasia. 
Digitaria sanguinalis (L.) Scop. Tall Crabgrass 
Syntherisma sitnguinalis (L.) Du Lac 
Frequent in cultivated soil and along roadsides. 
Echinochloa crusgalli (L.) Beauv. Barnyard Grass 
Common in muddy margins of ponds, slough, and ditches, sandy beaches, also 
in cultivated fields. Abundant on mud flats following receding waters. 
Echinochloa crusgalli (L.) Beauv. var. mitis (Pursh) Peterm. Beardless Barnyard Grass 
Frequent in same locations as the typical variety. 
Eleusine indica (L.) Gaertn. Goose Grass 
Sandy beach at Electric Park on the south side of Lost Island Lake (72), Palo 
Alto Co. Rare. Naturalized from tropics of the Old World. 
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Eiymus canadensis L. Nodding or Canada Wild-rye 
South shore of Lost Island Lake (269) , Palo Alto Co. Occurring in prairie along 
roadsides and banks. Frequent. 
Elymus canadensis L . var. robustu.s (Scribn. and Smith) Mack. and Bush 
Large Wild-rye 
E. robustu.s Scribn. and Smith. 
More common than the typical variety. 
Elymu.s canadensis L. var. brachysta.chys (Scribn. and Ball.) Farw. 
Short-spiked Canada Wild-rye 
Near Emmetsburg, Palo Alto Co., L . H. Pammel (I.S.C. 94,322). 
Elymus macounii Vasey Macoun's Wild-rye 
Moist, rolling prairie, also open roadsides. Frequent. 
Elymus virginicus L. Virginia Wild-rye 
Common both in prairie and along roadsides. 
Elymus virginicus L. var. glabriflorus (Vasey) Bush Smooth-glumed Virginia Wild-rye 
Along slopes and base of a high hill bordering the Little Sioux River, (620), Clay 
Co. 
Eragrosti.s cilianen.si.s (All.) Link Strong-scented Love Grass 
E. major Host. 
E. megastachya Link 
Common along roadsides and in fields. Naturalized. From Europe. 
Eragrostis frankii C. A. Meyer Frank's Eragrostis 
On sandy loam in an opening of the trees in Wanata State Park at Peterson 
'(7,523), Clay Co. 
Eragrostis hypnoides (Lam.) B.S.P . Smooth Creeping Love Grass 
Recurrent in drying ponds, drainage ditches, and on the muddy border of streams. 
Eragrostis pectinacea (Michx.) Nees Purple Love Grass 
E. carolinana (Spreng.) Scribn. 
E. purshii Schrad. 
Fields, waste places, open ground. 
Festuca elatior L. Meadow Fescue 
South shore of Lost Island Lake. Escaped from cultivation. 
Festuca shortii Kunth Short's Fescue 
Moist prairie around the margin of a slough in Dewey's Pasture (645), Clay Co. 
Infrequent. 
Festuca obtusa Sprengel Nodding Fescue 
F. nutans Spreng. 
Wooded cut-over , slope west of Gillett's Grove (644), Clay Co. 
Fluminea festucacea (Willd.) Hitchc. River Grass 
Abundant locally in swamps and sloughs growing in 6 inches to 2 feet of water 
in swamps southeast of Mud Lake (7,082) , Palo Alto Co.; a prominent constituent of 
the emergent flora in the flora in the Outlet of Lost Island Lake (9,878) ; Dan Green 
Slough, Clay Co. 
Glyceria boreali.s (Nash.) Batchelder Northern Manna Grass 
Panicularia borealis Nash. 
Five miles east of Ruthven in a shallow pond one mile south of the viaduct 
over Highway 18, opposite Hughes Prairie (9,276) , and in Johnson's Slough (10,928), 
Palo Alto Co. 
Glyceria grandi.s S. Wats. American Manna Grass 
Panicularia americana MacM. 
Frequent in swamps, margins of ponds and in hanging bogs. 
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Glyceria striata (Lam.) Hitchc. Tall Manna Grass 
Panicularia nervata Kuntze 
Common on hummocks in swamps at edge of sloughs and in wet meadow. 
Hierochloe odorata (L.) Beauv. Sweet Grass 
H. Nashii Kaczmarek 
Wet meadows and hanging bogs and sometimes in roadside depressions. Infre-
quent. 
Hordeum jubatum L. Wild Barley 
Common around ponds and sloughs along roadsides and in pastures. 
Hystrix patula Moench. Bottlebrush Grass 
H. hystrix (L.) Millspaugh 
Moist rocky woods and shaded lake banks. Infrequent. 
Koeleria cristata (L.) Pers. June Grass 
Gravelly prairie knolls. Becoming scarce. 
Leersia oryzoides (L.) Schwartz Rice Cutgrass 
Common in swamps and low marshy areas. 
Leersia virginica Willd. White grass 
Low woods and moist places on hillsides. 
Leptochloa fascicularis (Lam.) Gray Sprangletop 
Diplachne fascicularis (Lam.) Beauv. 
Along the west muddy shore of Mud Lake opposite a farmhouse (13); sandy 
shores of Trumbull Lake, Clay Co. Sandy south shore of Lost Island Lake at 
Electric Park (9,876), Palo Alto Co. Infrequent. 
Lolium multiflorum Lam. Italian Rye Grass 
South shore of Lost Island Lake at Electric Park. Escaped from cultivation. 
Muhlenbergia asperifolia (Nees and Mey.) Parodi Scratchgrass 
Sporobolus asperifolius Nees and Mey. 
Abundant locally in alkaline soil around the edges of ponds, marshes, or lakes. 
Prominent in Dewey's Pasture (62), Clay Co. In a field five miles east of Ruthven 
south of the viaduct over Highway 18 (9,884), Palo Alto Co. 
Muhlenbergia brachyphylla Bush. Short-leaved Muhlenbergia 
Floodplain of the Little Sioux River in Wanata State Park at Peterson (614), Clay 
Co. In shade or open spaces. 
Muhlenbergia cuspidata (Torr.) Rydb. Plains Muhlenbergia 
Recurrent on dry, gravelly hilltops, prairie south of Virgin Lake (34); Hughes 
prairie two miles north of Lost Island Lake (24), Palo Alto Co. Vicinity of Gillett 
Grove, L. H. Pammel, (l.S.C. 53,491), Clay Co. 
Muhlenbergia foliosa (Roem. and Schult.) Trin. Leafy Muhlenbergia 
On a shaded bank at margin of a small stream which flows into the south side of 
Lost Island Lake on the Babcock Farm (616), Palo Alto Co. East bank of Round Lake 
(37), Clay Co. Moist thickets and low woods. 
Muhlenbergia mexicana (L.) Trin. Wire-stemmed Muhlenbergia 
Thickets, low woods and waste places. 
Muhlenbergia racemosa (Michx.) B.S.P. Marsh Muhlenhergia 
Common in moist meadows and low ground. 
Oryzopsis racemosa (J.E. Smith) Ricker Black-fruited Mountain Rice 
Rocky woods, Wanata State Park, Peterson (618), Clay Co. 
Panicum capillare L. Old Witch Grass 
Open ground, fields, dry lake beds, waste places. 
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Panicum dichotomiflorum Michx. Spreading Witch Grass 
Common along roadsides, fields and stirred soil. 
Panicum flexile (Gattinger) Scribner Wiry Witch Grass 
Along the low shore of Medium Lake (8,220), Freedom Twp., Sec. 8, Palo Alto Co. 
Panicum leibergii (Vasey) Scribn. Leiberg's Panicum 
Dry hilltop east of Lost Island State Park (44) ; prairie knolls, five miles east 
of Ruthven south of Highway 18 (628), Palo Alto Co. 
Panicum perlongum Nash Long-stalked Panic Grass 
Dry, gravelly prairie east of the Outlet of Lost Island Lake (132) ; prairie knolls 
five miles east of Ruthven (625), Palo Alto Co. 
Panicum praecocius Hitchc. and Chase Early-branching Panic Grass 
Prairie knolls five miles east of Ruthven south of Highway 18 (628) , Palo Alto Co. 
Panicum scribnerianum Nash Scribner's Panic Grass 
Frequent on high prairie, particularly on gravelly knolls. 
Panicum virgatum L. Switchgrass 
Low and sometimes upland prairies, usually moist ground. Common. 
Panicum wilcoxianum Vasey Wilcox's Panicum 
Appearing in tufts on the open spaces in grassland as a pioneer. Conspicuous on 
dry knolls in Dewey's Pasture (8,203) , Clay Co. Prairie near Osgood (8,202), Palo 
Alto Co. 
Phragmites communis Trin. Reed Grass 
See Rhodora 43: 286. 1941. 
P. communis Trin. 
Abundant in 2 to 4 feet of water in Mud Lake, Round Lake and the Outlet of 
Lost Island Lake. Common in sloughs and along wet roadsides. 
Phalaris arundinacea L. Reed Canary Grass 
Roadside bank two miles north of Round Lake (65); north margin of Mud Lake 
and of a slough in Dewey's Pasture (9,256), Clay Co. 
Poa annua L. Annual Blue Grass 
Occasional in open ground of lawns or pastures. 
Poa compressa L. Canada Blue Grass 
Wet meadow zone around sloughs, swamps, and marshes. 
Poa palustris L. Fowl Blue Grass 
Poa triflora Gilib. 
Frequent in wet meadow and margins of swamps. 
Poa pratensis L. Kentucky Blue Grass 
Widespread in pastures, roadsides and lawns. 
Phleum pratense L. Timothy 
Common along roadsides and in fields, escaped from cultivation. 
Setaria lutescens (Weigel) F.T. Hubb. Yellow Foxtail 
S . glauca (L.) Beauv. of Gray's Manual. 
Common in cultivated fields and along roadsides. 
Setaria verticillata (L.) Beauv. Bur Bristlegrass 
Common in gardens and in neglected soil. 
Setaria. viridis (L.) Beauv. Green Foxtail 
Common in cultivated fields and along roadsides. 
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Sorghastrum nutans (L.) Nash Indian Grass 
Andropogon nutans (L.) 
Chiefly upland prairie, not abundant. 
Spartina pectinata Link Prairie Cordgrass 
S. michauxiana Hitchc. 
Common around the edge of ponds, lakes, sloughs and in marshes. Sometimes 
growing on relatively dry banks and roadsides. 
Spartina pectinata Link var. suttiei (Farw.) Fernald, Rhodora 35: 260. 1933. 
Slender-spiked Prairie Cordgrass 
S. michau.xiana var. suttiei Farw. 
Pond across the road and north of Elk Lake, wet black clay, (58), Clay Co. Five 
miles east of Ruthven around small pond south of the viaduct (9,879), Palo Alto Co. 
Sphenopholis intermedia (Rydb.) Rydb. Slender Wedgegrass 
On the west side of Lost Island Lake near the bridge amoung weeds, along the 
beach (75), Clay Co. Swampy ground around cold springs which emerge from the 
foot of hills along the West Fork of the Des Moines River in a hanging bog association 
(707), Palo Alto Co. 
Sphenopholis obtusata (Michx.) Scribn. Prairie Wedgegrass 
Margin of Barringer's Slough on well drained, moist, sandy bank, Freeman Twp., 
Sec. 7 (112), Clay Co. West Bend, R. I. Cratty (I.S.C. 906,077), Palo Alto Co. Infrequent. 
Sporobolus asper (Michx.) Kiinth Long-leaved Dropseed Grass 
Steep prairie hillside, one-half mile east of Peterson (607), Clay Co. Dry 
gravelly prairie four miles north of Lost Island Lake (9,881), Palo Alto Co. Infre-
quent, but recurrent on dry banks, knolls, or level prairie. 
Sporobolus cryptandrus (Torr.) A. Gray Sand Dropseed Grass 
The dominant plant on the dune-like sand bank shore on the northeast side of 
Lost Island Lake ( 4) ; sandy northeast shore of Silver Lake (704), Palo Alto Co. 
Sporobolus heterolepis Gray Prairie Drppseed Grass 
Two miles northeast of Lost Island 'Lake, gravelly knoll in Hughes Prairie (23), 
Palo Alto Co. Steep, gravelly prairie hillside one-half mile east of Peterson (9,880) , 
Clay Co. Usually occurring on dry gravelly hilltops or slopes. 
Sporobolus neglectus Nash Small Dropseed Grass 
On dry hilltops along the Little Sioux River in an over-grazed pasture (8,002), 
Clay Co. Five miles east of Emmetsburg in a depression along the roadside (47), Palo 
Alto Co. Frequent on disturbed soil. 
Sporobolu.s vaginaeflorus (Torr.) Wood Sheathed Dropseed Grass 
On the bank of Pickerel Run stream one-eighth mile east of Dickens, Jess Fults 
(2,901), Clay Co. Fairly common on dry eroded soil. 
Stipa spartea Trin. Porcupine Grass 
Not abundant but present on roadside banks, also crests and slopes of upland 
prairie. 
Zizania aquatica L. var. interior Fassett Rhodora 26: 153-160. 1924. Wild Rice 
A large colony grows in the swamp at the east border of Mud Lake (12 and 96) ; 
in Johnson's Slough (10,919); in the Inlet of Lost Island Lake (9,885), Palo Alto Co. 
CYPERACEAE (Sedge Family) 
Carex albursina Sheldon White Bear Sedge 
Moist soil in rocky woods, Wanata State Park, Peterson (8,305), Clay Co. 
Carex alopecoidea Tuckerm. . Foxtail Sedge 
Dry bayou in the floodplain of the Little Sioux River, one mile east of Cornell 
(669); swampy woods, along the Little Sioux River at Gillett's Grove (670), Clay Co. 
Meadow east of Mud Lake (8,084), Palo Alto Co. 
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Carex amphibola Steud. var. turgida Fernald, Rhodora 44:311, 1942. 
C. grisea of authors not Wahlenberg. 
Moist wooded slopes along the Little Sioux River at Peterson (676, 682, and 
8,088); wooded slopes along the Little Sioux at Gillett Grove (674, and 8,080), Clay 
Co. Frequent in rich woods. 
Carex annectans Bick. var. xanthocarpa Wieg. Yellow-fruited Sedge 
Margin of a pond about 3 miles west of Graettinger (8,273). Palo Alto Co. 
Carex aquatilis W ahlenb. var. altior (Rydb.) Fernald, Rhodora 44: 295. 1942: 
C. variabilis Bailey var. altior Rydb. 
C. aquatilis var. substricta Kiikenth. 
C. substricta (Kiikenth) Mack. 
Water Sedge 
Abundant locally, occurring in shallow water in zones or colonies around the Out-
let of Lost Island Lake (640, 655, 656, 9,229, and 10,111) ponds and sloughs, Dewey's 
Pasture (9,233) , Clay Co. Wet prairie five miles east of Ruthven (642, 771 and 8,086) , 
Palo Alto Co. 
Carex atherodes Spreng. Awned Sedge 
C. trichocarpa var. aristata (R.Br.) Bailey 
North side of Round Lake, in water 8 inches to 1 foot deep, gravelly soil (54) . 
Outlet of Lost Island Lake, swamp in one foot of water (648), Clay Co. Widespread 
in swamps. 
Carex bebbii Olney 
C. tribuloides Wahl. var. Behhii L. H. Bailey 
Wet prairie. Infrequent. 
Carex bicknellii Olney 
Open prairie. 
Carex blanda Dewey 
Bebb's Sedge 
Bicknell's Sedge 
Wooded slopes along the Little Sioux (8,078), Clay Co. Border of Mud Lake 
(185) , Palo Alto Co. 
Carex brachyglossa Mack. Yellow-fruited Sedge 
On hummocks, in swampy area, on the southwest side of Mud Lake (169) , Clay Co. 
Carex brevior (Dewey) Mack. Few-headed Straw Sedge 
See Am. Midl. Nat. 4:235. 1915. 
C. festucacea var. brevior (Dewey) Fernald 
Open grassland, Dewey's Pasture (794) , Clay Co. Five miles east of Ruthven 
on a prairie knoll opposite viaduct over Highway 18 (666) , Palo Alto Co. Frequent. 
Carex comosa Boott Bristly Sedge 
North sandy beach, Round Lake (57); east sandy margin Round Lake in shallow 
water (143), Clay Co. 
Carex convoluta Mack. Bull. Torr. Bot. Club 43: 428. 1916. Twisted-beaked Sedge 
C. rosea of auth. , not Schkuhr. 
Southwest wooded shore of Mud Lake (179), Palo Alto Co. 
Carex cristatella Britton Crested Sedge 
C. cristata Schwein., not Clairy 
Roadside swale in water over black clay, Sioux Twp., Sec. 11 (193); swampy 
woods one mile east of Cornell, bayou of the Little Sioux River northeast of the 
bridge (667); low open woods along the Little Sioux at Gillett Grove (668) ; the 
floodplain of the Little Sioux River (668) , Clay Co. 
Carex eburnea Boott Bristle-leaved Sedge 
Rocky woods along the Little Sioux River at Peterson (8,263) Clay Co. 
Carex eleocharis Bailey InV>Olute-leaved Sedge 
C. stenophylla Wahl. 
Dry, gravelly hilltop in Dewey's Pasture 115 feet above Mud Lake (236), Clay Co. 
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Dry gravelly hilltop in a bluegrass pasture on the west side of a slough, on the 
Needham farm about one mile south of Lost Island State Park (10,899), Palo Alto Co. 
Recurrent on dry gravelly hills. 
Carex emoryi Dewey Emory's Sedge 
Around the edge of ponds in Dewey's Pasture (8,087), Clay Co. Five miles east 
of Ruthven southeast of the viaduct over Highway 18, growing in wet springy soil 
between the railroad track and fence (8,089), Palo Alto Co. 
Carex gravida Bailey Heavy Sedge 
Frequent, occurring in tufts, in prairie, open woodland, along roadsides or margin 
of woods. 
Carex hystricina Muhl. Porcupine Sedge 
Generally distributed occurring in colonies in cold springs, hanging bogs, on 
hummocks, in .swamps, and on banks of streams. Solitary in wet meadows. 
Carex hitchcockiana Dewey Hitchcock's Sedge 
Moist slopes of wooded hills along the Little Sioux River, in Wanata State Park, 
Peterson (681) , Clay Co. 
Carex inflata Hudson var. utriculata (Boott) Druce 
See Rhodora 44:329. 1942. 
C. utriculata Boott 
C. rostrata var. utriculata f. minor (Boott) Kiikenth. 
Occupying a zone around the north side of Mud Lake (600) ; (602, 603 and 8,068); 
common in Dewey's Pasture in ponds and sloughs (600 and 9,228), Clay Co. In large 
areas at the southeast wooded shore of Mud Lake (168) , Palo Alto Co. 
Carex interior Bailey Inland Sedge 
C. scirpoides Schkuhr. 
Wet meadow in the vicinity of springs in poorly drained calcareous soil about 
five miles east of Ruthven (8,042) ; on hummocks in a hanging bog along the Des 
Moines River about one and one-half miles southwest of Osgood (790) , Palo Alto Co. 
Carex lacustris Willd. Lake Sedge 
C. riparia Curtis in part. 
C. riparia var. lacustris (Willd.) Kiikenth. 
Outlet of Lost Island Lake, west side along drainage ditch in large colonies reach-
ing 25 feet in diameter (769, 788), Clay Co. In 1935 and 1936 the plants fruited abund-
antly though they are frequently sterile. Hanging bog along the west bank of the 
Des Moines River one and one-half miles southwest of Osgood (702) and (8,067), Palo 
Alto Co. Prominent in the large swamps of the region. 
Carex laeviconica Dewey Smooth-'"sheathed Awned Sedge 
C. trichocarpa Muhl. var. deweyi Bailey, in part. 
C. trichocarpa Muhl. var. imbe1·bis Gray, in part. 
C. trichocarpa Muhl. in part. 
Floodplain of Little Sioux River at Cornell (647) ; two miles east of Spencer 
along stream bank (9,231), Clay Co. Occurring in the swamps of the region, but most 
abundant along river floodplains. 
Carex languinosa Michx. Woolly Sedge 
C. filiformis Good var. latifolia Boeckl. 
Forming sods around ponds, swales and marshes, occasional in wet meadow. 
Common. 
Carex lasiocarpa Ehrh. var. americana Fernald Slender Sedge 
Rhodora 44:304. 1942. 
C. filiformis of authors not L. 
Frequent, wet margin of ponds and slough in Dewey's Pasture (828 and 9,214); 
Outlet of Lost Island Lake (663) , Clay Co. On hummocks around the margin of John-
son's Slough (9,213) ; wet prairie five miles east of Ruthven (661), Palo Alto Co. 
Carex meadii Dewey Mead's Sedge 
On prairie hillsides in the vicinity of Gillett Grove (8,073) , Clay Co. About ten 
miles northeast of Lost Island Lake on rocky upland prairie (8,059) , Palo Alto Co. 
368 ADA HAYDEN 
Carex pennsylvanica Lam. Pennsylvania Sedge 
Gravelly prairie ridges, river terraces and open woods. Common. 
Carex pennsylvanica (Lam.) var. digyna Boeck!. Prairie Pennsylvania Sedge 
C. pennsylvanica of auth. in part. 
C. heliophila Mack. Torreya 13:15. 1913. 
Less frequent than the typical variety. Occurs on gravelly ridges. 
Carex praegracilis Boott. Clustered Field Sedge 
C. camporum (Mack.) B. and B. 
Low terrace around Mud Lake, Dewey's Pasture, sandy to gravelly soil (199, 237 
and 700), Clay Co. Frequent locally. 
Carex prairea Dewey Prairie Sedge 
Around hilltop spring and wet prairie five miles east of Ruthven (245, 600 and 
783), Palo Alto Co. Recurrent in typical locations. 
Carex retrorsa Schw. Retrorse Sedge 
Dry bayou of the Little Sioux River (641), Clay Co. Abundant locally. 
Carex sartwellii Dewey Sartwell's Sedge 
Shallow water, margin of Lost Island Lake (235); marsh southeast of Mud Lake 
in 6-18 inches of water (789); southwest margin of Mud Lake (180 and 182), Clay Co. 
Wet prairie five miles east of Ruthven south of the viaduct over Highway 18 (604, 
786, and 8,063), Palo Alto Co. 
Carex scoparia Schkuhr. Pointed Broom Sedge 
Low grassland southeast of Mud Lake (194), Palo Alto Co. 
Carex siccata Dewey Dry Sedge 
Dry bank along the roadside from Wanata State Park to Peterson at the north 
side of the C. & N.W. RR crossing. The plant forms a tough sod (652), Clay Co. 
Carex sprengelii Dewey Long-beaked Sedge 
C. longirostris Torr. 
Frequent along the slopes of the Little Sioux River at Peterson (780, 8,055 and 
8,075) , Clay Co.; northwest of Virgin Lake, shady bank (187), Palo Alto Co. 
Abundant locally. 
Carex stipata Muhl. Awl-fruited Sedge 
Marshy zone of a hanging bog along the west side of the Des Moines River 
south of the bridge on the road to Osgood (671 and 8,064), Palo Alto Co. Abundant 
locally. Swampy area, floodplain of the Little Sioux River (673), Clay Co. 
Carex stricta Lam. Tussock Sedge 
Margin of ponds and swamps, forming tussocks. 
Carex stricta Lam. var strictior (Dewey) Carey Diffuse Tussock Sedge 
Marsh, Dewey's Pasture (657), Clay Co. Wet prairie five miles east of Ruthven 
(658 and 659), Palo Alto Co. Forming beds, not in tussocks. 
Carex suberecta (Olney) Britton Prairie Straw Sedge 
Hughes prairie, dry soil two miles northeast of Lost Island Lake (8,046), Palo Alto 
Co. 
Carex sycnocephala Carey Dense Long-beaked Sedge 
Occasional, south side of Lost Island Lake, sandy beach (166); abundant in pond 
Sec. 7, Walnut Twp. (8,258); border of Rush Lake after draining (7,572), Palo Alto Co. 
Carex tetanica Schkuhr. Wood's Sedge 
Wet meadow around ponds and sloughs, sparsely distributed, singly or in clusters 
(662 and 703), Clay Co. Wet prairie five miles east of Ruthven (664, 770 and 785), 
Palo Alto Co. 
Carex tribuloides Wahl. Blunt Broom Sedge 
Low open woods along the Little Sioux River (667), Clay Co. 
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Carex vesicaria L. Inflated Sedge 
In shallow ponds of Dewey's Pasture (9,226), Clay Co. 
Carex vulpinoidea Michx. Fox Sedge 
Common in wet prairie growing in tufts in open prairie and in zones around 
ponds, margin of Lost Island Lake (198) ; Hughes Prairie (244) ; pond south of Lost 
Island Lake (655), Palo Alto Co. Frequent throughout the region. 
Cyperus aristatus Rottb. var. inflexus (Muhl.) Kukenth. Awned Cyperus 
See Rhodora 44:52. 1942. 
C. aristatus Rottb. 
Sandy west beach of Lost Island Lake (201); sandy beach southeast shore of 
Lost Island Lake (693) , Clay Co. South beach of Lost Island Lake, Palo Alto Co. 
Frequent. 
Cyperus diandrus Torr. Low Cyperus 
Infrequent in wet soil around lake borders and sloughs. 
Cyperus engelrnanni Steud. Engelmann's Cyperus 
Dry bed of pond Outlet of Lost Island Lake (698), Clay Co.; sandy south shore of 
Lost Island Lake (697) , Palo Alto Co. 
Cyperus erythrorhizos Muhl. Red-rooted Cyperus 
South side of Lost Island Lake, sandy beach (225) , Palo Alto Co. Dewey's Pas-
ture, on sandy margin of Mud Lake (227), Clay Co. 
Cyperus esculentus L. Yellow Nut-grass 
Along the floodplain of the Little Sioux River (639), Clay Co. Two miles south 
of Lost Island Lake around a small pond (206), Palo Alto Co. 
Cyperus ferruginescens Boeck!. Coarse Cyperus 
See Rhodora 37:148-150. 1935. 
C. speci-OS'US Vahl. in part, of most recent authors. 
Sandy margin of Mud Lake (226) ; southeast shore of Round Lake on a sandy 
beach (694), Clay Co. Sandy south shore of Lost Island Lake (697), Palo Alto Co. 
Common. 
Cyperus rivularis Kunth. Shining Cyperus 
Abundant in a zone with Agrostis alba along the northeast margin of Johnson's 
Slough (10,915); sandy beaches of Lost Island Lake (203 and 696) , Palo Alto Co. 
Cyperus schweinitzii Torr. Schweinitz's Cyperus 
North side of Virgin Lake, edge of sandy cornfield at margin of Virgin Lake (219); 
the dominant plant on the northeast dune-like sandy bank of Lost Island Lake 
(55), Palo Alto Co. 
Cyperus strigosus L. Straw-colored Cyperus 
Common on sandy beaches, mud flats and ditches in late summer. 
Eleocharis acicularis (L.) R. & S. var. typica Svenson Rh. 31:185-191. 1929. 
Needle Spike-rush 
Common in the beds of drying ponds, sloughs and around lake borders. 
Eleocharis calva Torr. Creeping Spike-rush 
See Rhodora 31: 68-70. 1929. 
E. palustris (L.) R. & S. var. glaucescens of many Am. auth. 
Sandy shores of lakes, margins of ponds, ditches, sloughs and hanging bogs. The 
commonest species in the Ruthven area. 
Eleocharis compressa Sulliv. Flat-stemmed Spike-rush 
See Rhodora 34: 215. 1932. 
E. acuminata (Muhl.) Nees 
Wet prairie and marshy area around hillside springs five miles east of Ruthven 
758, 759, and 689), Palo Alto Co. 
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Eleocharis englemanni Steud. Englemann's Spike-rush 
Growing in wet muddy soil around the margin of a shallow pond at the cross-
roads north of Lost Island Lake six miles north of Ruthven, (9,197) and (9,198), Clay 
Co. 
Eleocharis macrostachya Britton Pale Spike-rush 
See Rhodora 41:56. 1939. 
Five miles east of Ruthven in a shallow pond just southeast of the viaduct over 
Highway 18 (8,092), Palo Alto Co. Around ponds in Dewey's Pasture (9,236 and 
7,009); sandy southwest shore of Round Lake (9,204) ; outlet of Lost Island Lake 
(7,010) , Clay Co. 
Eleocharis obtusa (Willd.) Schultes Blunt Spike-rush 
Around the wet margin of a drying slough at the intersection of the roads to 
Mud Lake and to Round Lake, and north of the bridge over Lost Island Lake (9,199, 
9,200, and 10,882) , Clay Co. 
Eleocharis parvula (R. & S.) Link var. anachaete (Torr.) Svenson Small Spike-rush 
See Rhodora 31:177. 1929; 36:388. 1934. 
E. leptos (Steudel) Svenson 
Scirpus nanus Spreng. 
Sandy south beach of Round Lake which is usually covered with water (690), 
Clay Co. 
Eleocharis smallii Britton Small Spikerush 
See Rhodora 41: 64. 1939. 
Five miles east of Ruthven around a small pond south of the viaduct over 
Highway 18 (9,237); shallow water of the bay southeast of Virgin Lake two miles 
south of Ruthven (8,252), Palo Alto Co. 
Eriophorum augustifolium Roth Tall Cotton-grass 
Margin of Mud Lake in Dewey's Pasture. W. L. Weber (409), Clay Co. Marshy 
zone around springs outcropping from knolls in the prairie (787 and 9,227), Palo Alto 
Co. 
Rynchospora capillacea Torr. Capillary Beaked-rush 
Dominant plant in the marshy rush zone of a hanging bog. About six miles 
south of Dickens, Logan Twp., Sec. (8,040) , Clay Co. Marshy zone around springs 
five miles east of Ruthven (7 42), Palo Alto Co. 
Scirpus acutus Muhl. Hard-stemmed Bulrush 
See Rhodora 22:55-56. 1920. 
S . occidentalis (Wats.) Chase 
Occurring in the permanent waters of shallow lakes including Dan Greene's 
Slough, Lost Island, Mud, Round, Elk, Silver, and Virgin Lakes. 
Scirpus americanus Pers. Three-square or Chairmaker's Rush 
Gravelly margin of Mud Lake (148 and 767); north margin of swamp along the 
east side of Dewey's Pasture (632); west margin of Trumbull Lake, Clay Co. 
Marshy zone around cold springs, five miles east of Ruthven (784), Palo Alto Co. 
Scirpus atrovirens Muhl. Dark-green Bulrush 
Marshy edge of Pickerel Run at Dickens (158), Clay Co. 
Scirpus fluviatilis (Torr.) Gray Gray River Bulrush 
Generally distributed. Great beds occur in the Outlet of Lost Island Lake, lower 
Mud Lake, and marginal zones or colonies in Round and Lost Island Lake, the bays 
of Trumbull Lake, Elk and Virgin Lakes, also in Dan Green Slough. 
Scirpus heterochaetus (Wats.) Chase Pale Great Bulrush 
In shallow sloughs and swamps of Dewey's Pasture (155, 635 and 8,057); along 
the north shore of Round Lake (635); the west bay of Trumbull Lake, Clay Co. 
Common in Johnson's Slough southeast of Lost Island Lake (8,056, 9,193, and 10,012), 
Palo Alto Co. 
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Scirpus pallidus (Britton) Fern. Pale Bulrush 
Around a spring, Pickerel Run, at Dickens (160); wet soil west border of Mud Lake 
(161); Dan Green Slough (1,072); Barringer's Slough (164), Clay Co. Between hum-
mocks, wet, black soil southeast of Mud Lake (102) ; wet meadow southeast of Lost 
Island Lake (163), Palo Alto Co. 
Scirpus paludosus A. Nels. Prairie Bulrush 
On the moist, sandy bed of. Rush Lake which was in the summer of 1942 partly 
drained. July 23, 1942, (7604). 
Scirpus validus Vahl. Soft-stemmed Bulrush 
Generally distributed occurring in colonies chiefly in shallow water of sloughs, 
ponds and around springs. 
ARACEAE (Arum Family) 
Acorus calamus L. Sweet Flag or Calamus 
Margin of a pond near dam on west side of Dewey's Pasture (715), Clay Co. 
Common in the bays on the south side of Virgin Lake (9,886), Palo Alto Co. Abundant 
in sloughs and swamps such as Barringer's, Smith's and in lakes such as Round and 
Mud. 
Arisaema atrorubens (Ait.) Blume Indian Turnip or Jack-in-the-Pulpit 
See Rhodora 42:252. 1940. 
A. triphyllum (L.) Schott 
Rich wooded ravines along the Little Sioux River, in Wanata State Park south 
of Peterson (846); and Secs. 27 and 33 (10,039), Clay Co. Woods along the Des Moines 
River one and one-half miles west of Osgood (7,152), Palo Alto Co. 
LEMNACEAE (Duckweed Family) 
Lemna minQr L. Lesser Duckweed 
Abundant in ponds, swamps, and shallow lakes of the region. 
Lcmna trisulca L. Ivy-leaved Duckweed 
Abundant in the shade of Scirpus and ·Polygonum in ponds and shallow lakes. 
Spirodela polyrhiza (L.) Schleid. Greater Duckweed 
Lemna polyrhiza L. 
Abundant in swamps, sloughs and shallow lakes, floating on open water. 
Wolffia punctata Griseb. Dotted Wolfia 
Common on the surface water of sloughs, in swamps and on shallow lakes. 
COMMELINACEAE (Spiderwort Family) 
Tradescantia bracteata Small Long-bracted Spiderwort 
See Contr. Arn. Arb. 9:87. 1935. 
Frequent, prairies, roadsides, railroads and open woods. 
Tradescantia canaliculata Raf. 
See Contr. Arn. Arb. 9:74. 1935. 
T. reflexa Raf. 
Infrequent, prairies, moist banks, and thickets. 
Reflexed Spiderwort 
PONTEDERIACEAE (Pickerel Weed Family) 
Heteranthera dubia (Jacq.) MacM. Water Stargrass 
Rooting on mud flats or submerged in 1 to 2 feet of water. Round Lake (260 and 
716); Trumbull Lake (10,107), Clay Co.; south bays of Virgin Lake (9,887), Palo Alto 
Co. 
JUNCACEAE (Rush Family) 
Juncus balticus Willd. var. littoralis Engelm. Baltic Rush 
Along the margins of lakes and on old lake terraces. 
Juncus bufonius L. Toad Rush 
Sandy terrace along the north side of Mud Lake (210), Clay Co. Muddy border 
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of a spring in a pasture five miles east of Ruthven, one-half mile south of the viaduct 
over Highway 18 (643), Palo Alto Co. 
Juncus dudleyi Wiegand Dudley's Rush 
Common around lakes and sloughs and in moist upland prairie. 
Juncus macer S. F. Gray Slender Rush 
See Jour. of Bot. 68:366. 1930. 
J. tenuis of auth., not Willd. 
J. monostichus Bartlett. 
Margin of a pond on the west side of Dewey's pasture, also growing in a denuded 
area from which vegetation has been scraped (792 and 793), Clay Co. Vicinity of 
Virgin Lake, Palo Alto Co. Found in moist gravelly soil at the edge of swales and 
• ponds, also on hard, dry paths. 
Juncus nodosus L. Knotted Rush 
Common at border of sloughs and swamps, margins of sloughs, springs and road-
sides in black clay or gravelly soil. 
Juncus t-Orreyi Coville Torrey's Rush 
Roadside in wet, black Clay along Highway 18 at Dickens (212) ; wet margin of 
a pond in Dewey's Pasture (211), Clay Co. Five miles east of Ruthven, in wet prairie 
south of the viaduct over Highway 18 (830), Palo Alto Co. 
LILIACEAE (Lily Family) 
Asparagus officinalis L. Asparagus 
Occasional in open woods or grassland. 
Allium canadense L. Meadow Garlic 
Moist meadow, or gravelly prairie. Infrequent. 
Allium stellatum Ker. Wild Prairie Onion 
Frequent on dry prairie knolls or moist prairie. 
Allium tricoccum Ait. Wild Leek 
Infrequent in low woods. 
Erythronium albidum Nutt. Lamb's Tongue or Dogtooth Violet 
Infrequent on wooded banks, slopes, or floodplain. 
Lilium michiganense Farwell Wild Tiger Lily 
Wet virgin prairie around ponds and sloughs; also seen in low, reverting clover 
hayland. Abundant locally in wet years. 
Lilium philadelphicum L. Orange Wild Lily 
High prairie. Very rare. Formerly common. 
Polygonatum canaliculatum (Muhl.) Pursh Large Solomon's Seal 
P. giganteum Dietr. 
P. commutatum (R. & S.) Dietr., in part. 
Shady slopes of linden-maple woods along the Little Sioux River at Peterson 
(900), Clay Co. Wooded east shore of Lost Island Lake (9,338 and 5,096), Palo Alto Co. 
Smilacina racemosa (L.) Desf. Spikenard or False Solomon's Seal 
Gillett Grove, L. H. Pammel (l.S.C. 53,485), Clay Co. 
Smilacina stellata (L.) Desf. False Solomon's Seal 
Wooded hills along the Little Sioux River at Peterson (919, 5,071 and 10,040), 
Clay Co. Wooded east bank of Lost Island State Park (797), Palo Alto Co. 
Smilax ecirrhata (Engelm.) S. Wats. Upright Green Brier 
General but not common in upland or rocky woods. 
Smilax herbacea L. Smooth Carrion Flower 
Open woods, hillside along the Little Sioux River, Peterson (899), Clay Co. 
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Smilax herbacea L. var. lasioneuron (Hook.) A.D.C. Hairy-nerved Carrion Flower 
Infrequent in woods. 
Smilax hispida Muhl. Hispid Green Brier 
Low woods along the Little Sioux River at Peterson (724), Clay Co. 
Trillium gleasoni Fernald Rhodora 34:21-22. 1932. Drooping Wake Robin 
T. declinatum (Gray) Gleason not Raf. 
Shaded hillside along the Little Sioux River, Wanata State Park, south of Peter-
son (881) and (10,030), Clay Co. 
Trillium nivale Riddell. Snow Trillium 
Woodland hillsides along the Little Sioux River at Peterson, Clay Co. Along the 
course of the Des Moines River, Palo Alto Co. Very rare, formerly abundant. 
Uvularia grandiflora Smith Large-flowered Bellwort 
Open woodland along slopes of the Little Sioux River one mile west of Gillett 
Grove (930); Oak-Linden-maple woods along the Little Sioux River and its tributar-
ies at Peterson (5,067), Clay Co. 
Zigadenus elegans Pursh 
See Rhodora 37: 256-57. 1935. 
Zygadenus glaucus Nutt. 
Z. chloranthus Richards 
Frequent in moist prairie. 
AMARYLLIDACEAE (Amaryllis Family) 
White Camas 
Hypoxis hirsuta (L.) Coville Yellow Stargrass 
Widely distributed in low prairie, or in moist openings in woods. 
IRIDACEAE (Iris Family) 
Iris virginica L. 
See Ann. Mo. Bot. Gard. 15: 256. 1926. 
I. versicolor of auth. not L. 
Abundant in swamps. 
Sisyrinchium campestre Bicknell 
Fairly common on low prairies. 
ORCHIDACEAE (Orchid Family) 
Wild Blue Flag 
Blue-eyed Grass 
Cypripedium candidum Muhl. White Prairie Lady's Slipper 
Wet prairie near a spring about five miles east of Ruthven south of the viaduct 
over Highway 18 (717), Palo Alto Co. Rare. Formerly frequent throughout the 
region around the margin of ponds. 
Cypripedium parviflorum Salish. var. pubescens. (Willd.) Knight . 
Small-flowered Yellow Lady's Slipper 
Formerly occurring in the woods along the Little Sioux River in the vicinity of 
Peterson, Iowa. Reported by John McKee of Spencer who has a few transplanted 
specimens growing on his lawn. Clay Co. 
Liparis loeselii (L.) Richard Twayblade 
In rush plain of fen five miles east of Ruthven (845), Palo Alto Co. 
Spiranthes cernua (L.) Richards Lady's Tresses 
Low prairie opposite viaduct over Highway 18 on south side of highway, five miles 
east of Ruthven '(718 and 11,195), Palo Alto Co. 
Populus alba L. 
CLASSDICOTYLEDONEAE 
SALICACEAE (Willow Family) 
Occasional, scattered, escaped from cultivation. European. 
White Poplar 
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Populus deltoides Marsh. Cottonwood 
P. balsamifera of recent auth., and perhaps of L., in part. 
Lost Island Lake, L. H. Pammel, (l.S.C. 97,798), Palo Alto Co. General but less 
frequent than P. Sargentii Dode. 
Populus grandidentata Michx. Large-toothed Poplar 
Wooded ridges one mile west of Gillett Grove along the Little Sioux River ( 40,029), 
Clay Co. Infrequent. 
Populus nigra L. var. italica Dur. Black Poplar 
Two miles south of Virgin Lake (988), Palo Alto Co. Escaped from cultivation. 
Populus sargentii Dode Sargent's Cottonwood 
P. deltoides occidentalis Rydb. 
General, more frequent than P. deltoides on lake shores. Round Lake, (10,987) 
and (1,009), Clay Co. Lost Island Lake (841 and 10,988), Des Moines River (1,010), 
Palo Alto Co. 
Populus tremuloides Michx. American Aspen 
Frequent on dry hilltops and ridges in woods. 
Salix amygdaloides Andersson Peach-leaved Willow 
Common along streams, around ponds and lakes. 
Salix bebbiana Sargent Bebb's Willow 
Occasional around borders of marsh or in "hanging bogs" of the region. 
Salix cordata Muhl. Heart-leaved Willow 
The most common willow of the region. Occurring around lakes, along streams. 
A vigorous round-topped form is prevalent in the open, which has puberulent to 
pubescent stems and hairy buds and is referable to S. missouriensis Bebb. It probably 
should have varietal rank. 
Salix discolor Muhl. var. latifolia Anderss. Pussy Willow 
See Jour. Arnold Arb. 2: 50. 1920. 
S. discolor Muhl. var. eriocephala (Michx.) Anderss. 
Recurrent in hanging bogs along the Des Moines River (918, 1,032 and 6,066). 
Salix fragilis L. Crack Willow 
Frequent, lake shores. Virgin Lake (1,044); Silver Lake (1,028), Palo Alto Co. Lost 
Island Lake (10,998); Little Meadow Creek (1,021), Clay Co. 
Salix interior Rowlee Bull. Torr. Bot. Club 27:253, 1900. Sandbar Willow 
S. longifo·lia Muhl. 1803 not Lam. (1778). 
S. fluviatilis Sarg. in part not Nutt. 
Along lake banks, streams and marshes. 
Salix interior Rowlee var. pedicellata (Andersson) Ball 
Canad. Field-Nat. 50:175, 1.926. Long-leaved Sandbar Willow 
Between Round and Trumbull Lakes on the south side of the outlet (6,081.), Clay 
Co. Near the road along the wet, grassy margin of Johnson's Slough (10,992), Palo 
Alto Co. 
Salix nigra Marshall Black Willow 
Occurs on the tributaries of the Des Moines River and also on the Little Sioux. 
West Bend, L. H. Pammel, (l.S.C. 96,036), Palo Alto Co. Gillett Grove (7,529) and 
Peterson (9,973), Clay Co. 
Salix petiolaris J. E. Smith Slender Willow 
Northwest border of Elk Lake (1,041), Clay Co. Swale between knolls, Hughes 
prairie two miles northeast of Lost Island Lake (108), Palo Alto Co. 
Salix subsericea (Anderss.) Schneider 
Peat bog north of Rock Island gravel pit at Graettinger, B.O. Wolden, 1,440, 
Palo Alto Co. 
Salix humilis Marsh. var. rigidiuscula (Anderrs.) Fernald. Prairie Willow 
Occasional along wooded ridges and in open prairie. 
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JUGLANDACEAE (Walnut Family) 
Carya cordiformis K. Koch Bitternut Hickory 
Common on slopes of wooded hills and ravines. 
Ju.gland nigra L. Black Walnut 
Frequent on floodplains and slopes of hills. 
BETULACEAE (Birch Family) 
Betula pendula Roth. Pendant White Birch 
Growing along the roadside two miles north of Ruthven near Electric Park. 
Introduced. 
Corylus americana Marsh. American Hazel-Nut 
Common at the edge of woods. 
Ostrya virginiana (Mill.) K. Koch Hop Hornbeam 
Common in upland woods in the secondary tree layer. 
FAGACEAE (Oak Family) 
Quercus borealis Michx. Northern Red Oak 
Slopes of hills along the µttle Sioux River at Gillett Grove and Peterson, Clay Co. 
Woods along the Des Moines River, Palo Alto Co. 
Quercus borealis Michx. var. maxima Sarg. Large-fruited Northern Red Oak 
Upland woods, slopes of hills. Infrequent. 
Quercus ellipsoidalis E.J. Hill Hill's Oak 
Slope of hill along the Little Sioux River at Wanata State Park (957) Gillett 
Grove, L.H. Pammel, (I.S.C. 74,457), Clay Co. 
Quercus macrocarpa Michx. Burr Oak 
The dominant oak of the region, growing in almost pure stands along rocky lake 
shores. Scattered in woodland. 
Quercus velutina Lam. Black Oak 
Uncommon in upland slopes along the Little Sioux River in Wanata State Park 
at Peterson (956), Clay Co.; Lost Island Lake, L.H. Pammel, (I.S.C. 98,854) . 
URTICACEAE (Nettle Family) 
Cannabis sativa L. Hemp 
Common along alluvial scil along waterways, roadsides, dumpheaps and waste 
areas. 
Celtis occidentalis L. Hackberry 
Frequent on floodplains in woodland. 
Celtis occidentalis L. var. crassifolia (Lam.) Gray Rough-leaved Hackberry 
Lost Island Lake, L.H. Pammel (l.S.C. 98,808), Palo Alto Co. 
Humulus lupulus L. Common Hop 
Hedge opposite Johnson's Slough, northeast of Lost Island Lake, Palo Alto Co. 
Infrequent. 
Laportea canadensis (L.) Gaud. Wood Nettle 
Shady floodplain of the Little Sioux River in Wanata State Park (3,095), Clay 
Co. East shady shore of Lost Island Lake (3,096) , Palo Alto Co. 
Morus alba L. White Mulberry 
Roadside at entrance to Lost Island State Park (3,092), Palo Alto Co. 
Parietaria pennsylvanica Muhl. Pellitory 
In a hanging bog along the Des Moines River one and one-half miles southwest 
of Osgood (5,061), Palo Alto Co. 
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Pilea pumila (L.) Gray Clear Weed 
Low shady woods in rich alluvial soil, Wanata State Park, Peterson (3.097), Clay 
Co. Hilltop bog, five miles east of Ruthven south of viaduct over Highway 18 (3,098), 
Palo Alto Co. , 1.0 1 
Ulmus americana L. American or White Elm 
Common around lake shores and in upland and lowland woods. 
Ulmus fulva Michx. Slippery or Red Elm 
Common around lake shores and in woods along streams. 
Urtica procera Muhl. Slender Nettle 
See Rhodora 28: 192-95. 1926. 
Urtica gracilis of most Am. auth., not Ait. 
Gillett Grove, L .H. Pammel (I.S.C. 74,439). Roadside four miles east of Ruthven, 
W. A. Weber (1,262) , low wet roadside east of Lost Island Lake (3,099), Palo Alto Co. 
General, roadsides, open woodfa.nd and alluvial soil. 
SANTALACEAE (Sandalwood Family) 
Comandra umbellata (L.) Nutt. Umbellate Bastard Toadflax 
Common, upland prairie. General. 
Comandra richardsiana Fern. Richards' Bastard Toadflax 
Prairie one mile east of Peterson (903) , Clay Co. Usually on woodland semi-open 
ridges. Infrequent, but regularly recurrent. 
ARISTOLOCHIACEAE (Birthwort Family) 
Asarum canadense L . var. acuminatum Ashe Wild Ginger 
A. acuminatum (Ashe) Bicknell 
Oak-maple woods along the Little Sioux, Gillett Grove (933), Clay Co. 
POL YGONACEAE (Buckwheat Family) 
Polygonum aviculare L . Dooryard Knotweed 
· Five miles east of Ruthven along roadsides (6,093), Palo Alto Co. Common in 
hard, dry soil. 
Palygonum convolvulus L. Black Bindweed 
Common along roadsides and in cultivated fields. 
Polygonum coccineum Muhl. Pointed Water Smartweed or Tanweed 
See Rhodora 27:162. 1925. 
P. muhlenbergii (Meisn.) Wats. 
Persicaria muhlenbergii (Wats.) Small in part. 
Marshy area around an oxbow cut-off of Meadow Creek two miles north and two 
miles east of Spencer (10,051), Clay Co. In two feet of water in Johnson's Slough, one 
mile southeast of Lost Island Lake (11,199), Palo Alto Co. 
Polygonum coccineum Muhl. var. pratincola (Greene) Stanford 
See Rhodora 27:165. 1925. 
Persicaria pratincola Greene 
Meadow Water Smartweed 
Growing in 6 inches to 1 foot of water on the north side of Johnson's Slough, one 
mile east of Lost Island Lake (11,334) , Palo Alto Co. 
Polygonum coccineum Muhl. forma terrestre (Willd.) Stanford 
Terrestrial Water Smartweed 
See Rhodora 27:162. 1925. 
P. coccineum Muhl. var. terrestre Willd. 
Persicaria muhlenbergii (Meisn.) Wats. in part. 
Wet roadside along the south side of Highway 18. Plants five feet tall, fruiting 
abundantly (3,040) ; margin of a pond about one-half mile north of Elk Lake (3,038); 
margin of Dan Green Slough (6,017), Clay Co. In 1 foot of water in a ditch, Hughes 
prairie (3,039 and 3,041), Palo Alto Co. 
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Polygonum coccineum Muhl. var. rigidulum (Sheldon) Stanford 
Inflated Water Smartweed 
See Rhodora 27: 165. 1925. 
P. rigidulum Sheldon 
Persicaria rigidula (Sheldon) Greene 
Growing in 2 to 3 feet of water rooted in the silt of Round Lake (6,060), Clay Co. 
Occasional plants with submerged stems much inflated. 
Polygonum erectum L. Upright Knotweed 
Roadside in Dewey's Pasture (6,092), two miles east of Spencer, roadside (9,395), 
Clay Co. 
Polygonum Hydropiper L. var. projectum Stanford 
Common Smartweed or Water Pepper 
See Rhodora 29:86. 1927. 
P . Hydropiper (L.), in part 
Persicana Hydropiper (L.) Opiz. 
Shallow ponds along the south shore of Lost Island Lake (9,029), Palo Alto Co. 
Dewey's Pasture around ponds (6,063), wooded floodplain along the Little Sioux 
River, Wanata State Park (11,343), Clay Co. 
Polygonum lapathifolium L. Dock-leaved or Pale Knotweed 
See Rhodora 23: 258-59. 1921. 
P. lapathifolium var. nodosum (Pers.) Weinmann 
Sandy south shoreline of Lost Island Lake (11,339), Palo Alto Co. 
Polygonum natans A. Eaton forma genuinum Stanford Blunt-leaved Water Smartweed 
See Rhodora 27:158. 1925. 
P. natans A. Eaton 
P. fluitans Eaton 
Near the rocky shore of an island in Virgin Lake (6,016), abundant in a shallow 
marsh two miles north of Lost Island Lake (6,051) , Palo Alto Co. In 2 feet of water 
toward the north side of Mud Lake (6,052), also abundant in the Outlet of Lost Is-
land Lake, Clay Co. 
Polygonum natans A. Eaton forma hartwrightii (Gray) Stanford, Rhodora 27: 161. 1925. 
Hartwright's Water Smartweed 
P. hartwrightii Gray 
P. amphibium L. var. hartwrightii (Gray) Bissell 
Frequent in late summer or in dry seasons. 
Polygonum pennsylvanicum L. Pennsylvania Knotweed 
Common in cultivated fields and along roadsides. 
Polygonum pennsylvanicum L. var. laevigatum Fernald, Rhodora 19: 73. 1917. 
Smooth-leaved Pennsylvania Knotweed 
Roadside ditch 2 miles northeast of Spencer (3,079), Clay Co. 
Polygonum persicaria L. Lady's Thumb 
Sandy south beach of Lost Island Lake (3,080), Palo Alto Co. Along the shore 
of Mud Lake (3,081); low marshy land along the rocky outlet of Lost Island Lake 
(11,338), Clay Co. Abundant in low cultivated fields. 
Polygonum punctatum Ell. Dotted Smartweed 
P. acre H.B.K., not Lam., in part. 
P. acre var. leptostachyum Meisn., in part. 
Persicaria punctata (Ell.) Small 
Abundant in wet land along streams, around ponds and bordering marshes. 
Polygonum ramossissimum Michx. Bushy Knotweed 
Frequent around lakes, ponds, and wet roadsides. 
Polygonum scandens L. 
South shore of Lost Island Lake in 
Shady pasture southwest of Gillett Grove 
at Wanata State Park (6,054), Clay Co. 
Climbing False Buckwheat 
the shade of trees (6,053), Palo Alto Co. 
(6,013), floodplain of the Little Sioux River 
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Polygonum virginianum L. Virginia Knotweed 
Shaded woods along the floodplain of the Little Sioux River at Wanata State 
Park one-half mile south of Peterson (895 and 6,055), Clay Co. 
Rumex acetoseHa L. Siheep Sorrel 
Common on woodside bank and in pastures. 
Rumex altissimus Wood Tall Dock 
About three miles east of Spencer. Roadside (9,391), Clay Co. 
Rumex britannica L. Great Water Dock 
Five miles east of Ruthven in the center of a hilltop bog (3,088), Palo Alto Co. 
Wet meadow. in an oxbow of Little Meadow Creek (3,085), Clay Co. Generally dis-
tributed in sloughs and swamps. Not common. 
Rumex cris'JYU,S L. Curled or Narrow Dock 
Roadsides, ponds, sloughs and pastures. Common. 
Rumex maritimus L. var. fueginus 
See Rhodora 17:80. 1915. 
R . fueginus Phil. 
R. persicarioides Trelease 
Frequent around the low shores 
flats in late summer. 
(Philippi) Dusen. Golden Dock 
of lakes, swamps, ditches and populating mud 
Rumex mexicanus Meisn. White, Pale or Willow-leaved Dock 
West Bend, R.I. Cratty, (I.S.C. 96,075), Palo Alto Co. 
Rumex verticillatus L. Swamp or Whorled Dock 
Two miles east of Spencer, roadside (9,394) , Clay Co. 
CHENOPODIACEAE (Goosefoot Family) 
Atriplex patula L. var. hastata (L.) Gray Halberd-leaved Orache or Spear Scale 
Emmetsburg, L .H. Pammel, (I.S.C. 94,314), Palo Alto Co. 
Chenopodium album L. Lamb's Quarter or White Pigweed 
Gillett Grove, L.H. Pammel (l.S.C. 74,441), Clay Co. Very common. Roadsides, 
barnyards, waste grounds. 
Chenopodium gigantospermum Aellen Maple-leaved Goosefoot 
See Fedde. Rep. Spec. Nov. 26: 144. 1929. 
C. hybridum of Am. auth., not L . 
Low shady woodland west of Gillett Grove (4,011), Clay Co. Rich soil in shade 
( 4,012) , Palo Alto Co. 
Chenopodium glaucum L. Oak-leaved Goosefoot 
Sandy north beach of Lost Island Lake at edge of water ( 4,016), Palo Alto Co. 
Chenopodium leptophyllum Nutt. · :1Narrow-leaved Goosefoot 
Roadside north of Mud Lake (4,018), Clay Co. 
Chenopodium rubrum L. ,Red Goosefoot 
Muddy shore of Mud Lake from which water had receded after a dry period 
(4,015) ; sandy southwest shore of Lost Island Lake south of the bridge during a dry 
season (4,013) ; frequent en the dry bed of Barringer's Slough, Clay Co. A plant of 
salt marshes. 
Kochia scoparia (L.) Schrad. Kochia 
North shore of Lost Island Lake (4,020); neglected ground and dooryards, 
Ruthven, W. A. Weber (1,220) , Palo Alto Co. Frequent. 
Salsola kali L. var. tenuifoLia G. F . W. Mey. Russian Thistle 
Sandy northeast shore of Lost Island Lake ( 4,019), Palo Alto Co. General along 
railroad embankments and wcste areas. 
, 
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AMARANTHACEAE (Amaranth Family) 
Amaranthus blitoides Wats. Prostrate Pigweed 
Infrequent in cultivated ground and roadsides. General. 
Amaranthus graecizans L. Tumbleweed 
Occurring along railroad ways, roadsides, vacant lots and at the edge of culti-
vated fields. 
Amaranthus hybridus L. Green Pigweed 
Infrequent. General. 
A.maranthus retroflexus L. Upright Pigweed 
Sandy shore along the northeast side of Lost Island Lake ( 4,006), Palo Alto Co. 
Common along roadsides and in cultivated fields ( 4,004) , Clay Co. 
Acnida tuberculata Moq. Western Water-hemp 
Dry ditch along Highway 18, south of Dickens (4,008), Clay Co. Northeast sandy 
shore of Lost Island Lake ( 4,009) , Palo Alto Co. Frequent in cultivated fields and 
along roadsides. 
NYCTAGINACEAE (Four-o-clock Family) 
Mirabilis hirsuta (Pursh) MacM. Hairy Umbrellawort or Wild Four O'clock · 
See Field Mus. Pub. Bot. 8: 305. 1931. 
Allonia hirsuta (Pursh) Mac M. 
Oxybaphus hirsutus Sweet 
High southwest shore of Lost Island Lake in native grassland, also in an oatfield 
(4,021), Palo Alto Co. Along the shore of Round Lake, Clay Co. Frequent. 
Mirabilis nyctaginea (Michx.) MacM. Smooth Wild Four O'clock 
See Field Mus. Pub. Bot. 8: 305. 1931. 
Allonia nyctaginea Michx. 
Oxybaphus nyctagineus Sweet 
Along roadside between Round and Trumbull Lakes (4,021), Gillett Grove, L.H. 
Pammel, (I.S.C. 53, 482) , Clay Co.; frequent around lake banks and along roadsides 
throughout the region. 
CARYOPHYLLACEAE (Pink Family) 
Cerastiu.m vu.lgatum L. var. hirsu.tum Fries Hairy Mouse-eared Chickweed 
See Rhodora 22:178. 1920. 
C. vu.lgatum of auth., not L. 
In the shade of willows at Electric Park, near the shore of Lost Island Lake, 
(10,166), Palo Alto Co. 
Lychnis alba L. White Campion 
Common along roadsides. Sometimes growing in fields. 
Saponaria officinalis L. Bouncing Bet, Soapwort 
Occasional, escaped from cultivation. 
Saponaria vaccaria L. Cow-herb 
Along the right-of-way of the C.M. and St. P. R.R. at the station in Ruthven, 
(!J,168), Palo Alto Co. 
Silene antirrhina L . Sleepy Catchfly 
Roadside north of Webb (10,165). Sandy north shore of Lost Island Lake (10,164). 
Clay Co. Frequent along roadsides, edges of fields on wood, on bare soil, usually in 
the open. 
Silene dichotoma L. Forked Catchfly 
Near Spencer, collected by the Farm Bureau Office (I.S.C. 114, 894) , Clay Co. 
Silene stellata (L.) Ait. Starry Campion 
Frequent on lake shores and borders of wood. 
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Stellaria longifolia Muhl. Long-leaved Stitchwort 
Alsine graminea (L.) Britton 
Roadside vicinity of Ruthven (10,163), Palo Alto Co. 
Stellaria media (L.) Cyrill Common Chickweed 
Common on shaded lawns, around greenhouses and cultivated planting. Intro-
duced. 
PORTULACACEAE (Portulaca Family) 
Claytonia virginica L. Spring Beauty 
Oak-linden-maple woodland slopes one-half mile north of Peterson. Common 
locally (944), Clay Co. Common locally. Infrequent. 
Portulaca oleracea L. Purslane 
On steep slopes of pasture hillsides, forming a mat over the soil where blue grass 
had disappeared during the drought of 1936 (2,060) , Clay Co. Occurring on denuded 
soil and in cultivated fields . 
CERATOPHYLLACEAE (Hornwort Family) 
Ceratophyllum demersum L. Hornwort or Coontail 
Common in shallow lakes and swamps. Grows in water 2 to 3 feet in depth. 
NYMPHAEACEAE (Water Lily Family) 
Nelumbo pentapetala (Walt.) Fernald, Rhodora 36:23-24. 1934 
American Lotus or Chinquapin 
Nelumbo lutea (Willd.) Pers. 
West of the center of Round Lake Colony. The colony is about 50 feet in diameter, 
close to Scirpus acutus (9,646), Clay Co. 
Nuphar advena Ait. Yellow Pond-lily or Spatterdock 
See Field Mus. Pub. Bot. 8: 310. 1931. 
Nymphozanthus advena Ait. 
Filling an oxbow cut-off in Little Meadow Creek, three miles north and two miles 
east of Spencer (3,000), Clay Co. 
Nymphaea tuberosa Paine Tuberous-rooted White Water-lily 
See Rhodora 18:120. 1916; 39:407. 1937. 
Castalia tuberosa (Paine) Greene. 
Not collected in this survey. Reported for both counties in early years. 
RANUNCULACEAE (Crow foot Family) 
Actaea rubra (Ait.) Willd. Red Baneberry 
Wooded slopes along the Little Sioux River one mile west of Gillett Grove (921 
and 946), Clay Co. 
Anemone canadensis L. Canada Anemone 
Common along roadsides, along .streams and in low prairie. 
Anemone caroliniana Walt. Carolina anemone 
Infrequent in openings of the grass pasture or in native grassland on gravelly 
soil. Associated with Draba reptans, Cogswellia orientalis in a Bouteloua sod (7,530), 
Sec. 19, Peterson Twp., Clay Co. 
Anemone cylindrica A. Gray Long-fruited Anemone or Thimbleweed 
Upland prairie, gravelly hilltops. Frequent. 
Anemone pa.tens L . var. wolfgangiana (Bess.) Koch. Pasque Flower 
Formerly abundant on upland prairie on gravelly knolls. At present infrequent 
except on rocky prairie hills and pastures around Peterson where it is frequent. One-
half mile east of Peterson on high rocky prairie hilltop (5,053), one mile east of Gil-
lett Grove (2,064), gravelly prairie slope north of Dan Green Slough (2,07 4), Clay 
Co. Prairie hilltop northwest of Needham's Slough, south of Lost Island Lake, gravel-
ly prairie hillside two miles northeast of Emmetsburg (9,204), Palo Alto Co. 
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Anemone quinquefolia L. Wood Anemone 
Wooded slopes along the Little Sioux River, Gillett Grove and Peterson (917, 
5,054 and 10,033) , Clay Co. 
Anemone virginiana L. Virginia Anemone 
Infrequent in woods of the region. 
Aquilegia canadensis L. Columbine 
Rocky woods, and lake shores. Frequent. 
Caltha palustris L. Marsh Marigold 
Infrequent in marshy ground around ponds and in hanging bogs. 
Clematis virginiana L. 
Common around wooded borders of Lakes. 
Delphinium virescens Nutt. 
See Rhodora 39: 20. 1937. 
D. albescens Rydb. 
Infrequent on upland prairie. 
Virgin's Bower 
White Larkspur 
Hepatica acutiloba DC. Hepatica or Liverwort 
Shaded slopes along the Little Sioux River at Peterson (892), Clay Co. 
Isopyrum biternatum (Raf.) T. & G. False Anemone 
Slopes of wooded hills along the west fork of the Des Moines River (2,098), 
wooded slopes, Gillett Grove and Peterson, Clay Co. 
Ranunculus abortivus L . Small-flowered Crowfoot 
Shaded or open floodplains of streams. Common. 
Ranunculus cymbalaria Pursh Seaside Crowfoot 
Common around ponds in Dewey's Pasture and along the edge of Mud Lake 
(2,067) , Clay Co. Swamp southeast of Mud Lake (2,081) , Palo Alto Co. Frequent. 
Ranunculus flabellaris Raf. Yellow Water Crowfoot 
See Rhodora 38:171. 1936. 
R. delphinifolius Torr. 
In water in a green ash grove west of Trumbull Lake (9,438) ; in ponds in 
Dewey's Pasture (2,077, Clay Co. Five miles east of Ruthven in a small pond 
south of the viaduct (9,433) , Palo Alto Co. 
Ranunculus longirostris Godron 
See Rhodora 38:4.2. 1936. 
R. circinatus of authors 
Batrachium circinatum of Manuals 
Rare in the region. 
Stiff Water Crowfoot 
Ranunculus trichophyllus Chaix. var. typicus Drew White Water Crowfoot 
See Rhodora 38:18-29. 1936. 
Ranunculus aquatilis var. capillaceus DC. 
Batrachium trichophyllum (Chaix) F . Shultz 
In quiet water of Pickerel Run bayou, at the entrance to Dickens (2,066), Clay 
Co. Ponds in pasture north of Mud Lake near the bur oak woods (2,080), Palo 
Alto Co. 
Ranunculus pennsylvanicus L. Bristly Crowfoot 
Marshy edge of Dan Green Slough (2,082); occasional around a pond at the 
crossroads north of Lost Island Lake (9,439), Clay Co. In a hanging bog along the 
Des Moines River one and one-half miles southwest of Osgood (7,036) , Palo Alto Co. 
Ranunculus rhomboideus Goldie Prairie Crowfoot 
See Rhodora 38:176. 1936. 
R. ovalis Raf. 
Open gravelly hill one mile east of Gillett Grove (2,065), Clay Co. Rocky prairie. 
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hillside six miles northeast of Lost Island Lake State Park (7,006); one mile northeast 
of Graettinger (2,084), Palo Alto Co. 
Ranu.nculus sceleratu.s L. Celery-leaved Crowfoot 
Around the margin of Dan Green Slough (2,078), Clay Co. Hanging bog along 
the west side of the Des Moines River one and one-half miles west of Osgood (7,037); 
north and south shores of Virgin Lake (2,087), Palo Alto Co. 
Ranu.nculus septentricmalis Poir. Swamp Buttercup 
Low moist woods and wet prairie. Common. 
Thalictru.m dioicu.m L. Early Meadow Rue 
Wooded slopes along the Little Sioux River at Peterson (5,051), Clay Co. 
Thalictru.m dasycarpu.m Fisch. and Lall. Prairie Meadow Rue 
Wooded slopes along the Little Sioux River at Peterson (5,051); prairie one mile 
southeast of Gillett Grove (5,055), wet meadow, south of Lost Island Lake Outlet 
(2,075 and 2,076), Clay Co.; wet meadow five miles east of Ruthven (2,069), prairie, 
Johnson's Slough (11,351), Palo Alto Co. Frequent. 
MENISPERMACEAE (Moonseed Family) 
Menispermu.m canadense L. Moonseed 
Hillside thicket along the Little Sioux River at Gillett Grove (880), Clay Co. 
Common along lake banks throughout the region. 
BERBERIDACEAE (Barberry Family) 
Berberis vu.lgaris L. European Barberry 
Bank of Lost Island Lake, Palo Alto Co. 
Cau.lophyllu.m thalictroides (L.) Michx. Blue Cohosh 
Rich woods along the Little Sioux River at Peterson (947, 5,074 and 10,031), woods 
at Gillett Grove (926), Clay Co. 
PAPA VERACEAE (Poppy Family) 
Sangu.inaria canadensis L. Bloodroot 
Infrequent on wooded ridges and slopes. 
FUMARIACEAE (Fumitory Family) 
Dicentra cu.cu.llaria (L.) Bernh. Dutchman's Breeches 
Wooded slopes along rivers and around lake banks. Uncommon. • 
Corydalis au.rea Willd. Golden Corydalis 
Common among roadsides and sandy fields. 
CRUCIFERAE (Mustard Family) 
Arabis dentata T. & G. Toothed Rock Cress 
Rocky slopes and hillsides along the Little Sioux, Peterson (896), Clay Co. 
Arabis hirsu.ta (L.) Scop. Hairy Rock Cress 
Dry upland prairie about five miles north and one mile east of Lost Island Lake 
(11,255), Palo Alto Co. 
Barbarea vu.lgaris R. Br. Winter Cress 
Along highways. Infrequent. 
Berteroa incana (L.) D.C. Hoary Alyssum 
Cultivated field and roadside along Highway 18 west of the Little Sioux River 
east of Peterson (5,006), Clay Co. 
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Brassica Kaber (DC.) Wheeler var. pinnatitifida (Stokes) Wheeler Field Mustard 
See Rhodora 40: 308. 1938. 
Brassica arvensis (L.) Rab. 
Five miles west of Ruthven (11,256), Clay Co. Emmetsburg, L .H. Pammel, (I.S.C. 
98,454) , Palo Alto Co. Fields and roadsides throughout the region. Frequent. 
Brassica juncea L. Smooth Mustard 
West Bend, R.1. Cratty (l.S.C. 109,001) . 
Brassica nigra (L.) Koch Black Mustard 
Gillett Grove, L.H. Pammel, (l.S.C. 74,437) , Clay Co. 
Brassica Napa L. Rape 
Roadsides, escaped from cultivation. Occasional. 
Camelina sativa Crantz. False Flax 
Emmetsburg. Bert L . Francis, (l.S.C. 93,965) , Palo Alto Co. 
Capsella bursa-pastoris (L.) Medic. Shepherd's Purse 
Widespread cultivated ground and neglected soil. 
Cardamine bulbosa (Schreb.) B.S .P. Bulbous Cress 
Wet soil around a spring at Pickerel Run (11,258) , Clay Co. Margin of a pond, 
pasture south of Mud Lake, (5,012); hanging bog five miles east of Ruthven (5,042) ; 
hanging bog swamp along the Des Moines River one and one-half miles southwest of 
Osgood (5,044), Palo Alto Co. 
Cardamine pennsylvanica Muhl. Pennsylvania Bitter-Cress 
Low prairie along a ditch north of Elk Lake (5,013) , Clay Co. Swamp along the 
Des Moines River one and one-half miles southwest of Osgood (5,043), Palo Alto Co. 
Dentaria laciniata Muhl. Tooth wort 
Sandy wooded slopes (7,038), Clay Co. 
Descurainia pinnata (Walt.) Britton sub. sp. brachycarpa (Richards) Detling 
See Am. Midl. Nat. 22:509. 1939. 
Sisymbrium brachycarpum Richards. 
Tansy Mustard 
Sisymbrium canescens Nutt. var. brachycarpum (Richards) S. Wats. 
Along the C. M. and S . P. R. R. north of Graettinger (4,099); roadside one mile 
south of Ruthven (5,039) ; eastern sandy shore of Lost Island Lake (7,041 and 4,099), 
Palo Alto Co. 
Descurainia sophia (L.) Webb and Prantl. Hoary Hedge Mustard 
See Am. Midl. Nat. 22:487. 1939. 
Sisymbrium Sophia L . 
Sophia Sophia (L.) Brit. 
Ten miles south of Spencer (11,254) , Clay Co. Alfalfa field west of Electric Park 
near the Lost Island Lake School two miles north of Ruthven (4,096) ; pasture at 
Electric Park two miles east of Ruthven ( 4,097) , Palo Alto Co. Frequent in this region. 
Diplotaxus muralis (L.) DC. Wall Rocket 
Roadside five miles east of Peterson (5,003), Clay Co. M. and St. L . R. R. sta-
tion at Ruthven (5,001) , Palo Alto Co., roadsides and fields . Infrequent. 
Draba reptans (Lam.) Fernald. Whitlow Grass 
Rhodora 36:368. 1934. 
D . carolinian a Walt. 
Gravel pit at the west border of Clay Co., Peterson Twp., Sec. 31 ; one mile north 
of Graettinger gravel pit (7,007) , Palo Alto Co. 
Erysimum cheiran thoides L. Wormseed Mustard 
In woods west of Gillett Grove (5,041) ; west bank of Round Lake (5,007) , Clay 
Co. Shady south bank of Lost Island Lake (5,011) , Palo Alto Co. 
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Hesperis matronalis L. Dame's Roc.ket 
Local along the south border of Lost Island Lake, on Babcock Farm, escaped 
from cultivation (9,600) , Palo Alto Co. 
Lepidium campestre (L.) R. Br. Field Cress 
Becoming frequent along roadsides and in fields. 
Lepedium draba L. Hoary Cress 
Occasional along roadsides. 
Lepidium densiflorum Schrad. Apetalous Pepper Grass 
L. neglectum Thell. 
L . apetalum of auth., not Willd. 
Frequent in cultivated fields and neglected areas. 
Lepidium virginicum L. Virginia Pepper Grass 
Common. Gardens, cultivated fields and roadsides. 
Rorippa islandica (Oed. ex Murr.) Borbas var. microcarpa (Regel) Fernald, 
Rhodora 42: 271. 1940. Smooth Marsh Cress 
Nasturtium palustre DC. var. microcarpum Regel 
Rorippa islandica (Oed. ex. Murr.) Borbas var. fernaldiana., Butters and Abbe in 
Rhodora 12: 28. 1940. 
Ra.dicula palustris DC. of manuals. 
Growing on the dry bed of Mud Lake north side ( 4,092) ; mud of a dried pond, 
Outlet of Lost Island Lake ( 4,093) , Clay Co. Frequent. 
Rorippa islandica (Oed. ex Murr.) Borbas var. hispida Butters and Abbe 
See Rhodora 42:26. 1940. 
Rorippa palustris (L.) Bess. 
Radicula palustris of Am. auth. not Moench. 
Roripa hispida (Desv.) Brit. 
Ra.dicula palustris var. hispida (Desv.) Rob. 
Hairy Marsh Cress 
Seedlings growing on the floodplain of the Little Sioux River ( 4,091) , Clay Co. 
In water of a pond near the mouth wooded border of Mud Lake near a Crataegus 
grove (5,000 and 5,000a); around the margin of a cornfield pond east of Lost Island 
Lake (11,267), Palo Alto Co. Common along ditches in ponds and cultivated fields. 
Rorippa sinuata (Nutt.) Hitchc. Spreading Yellow Cress 
Radicttla sinuata (Nutt.) Greene 
Moist soil, on the bank of the Little Sioux River at Gillett Grove (5,004) , Clay Co. 
Sisymbrium altissimum L. Tall Hedge Mustard 
Just east of the entrance to Dickens, along Pickerel Run. Gravelly bank (4,098), 
Clay Co. West Bend, L . H. Pammel, (I.S.C. 96,057), Palo Alto Co. 
Sisymbrium officinale (L.) Scop. var. leiocarpu.m DC. Hedge Mustard 
Common along roadsides, barnyards, fencerows and waste places. 
Thlaspi arvense L. Penny Cress 
Along roadsides at Gillett Grove (5,050); along railroad track one-fourth mile 
east of Peterson (5,036), Clay Co. Becoming frequent in fields and along roadsides 
in Palo Alto Co. 
CAPPARIDACEAE (Caper Family) 
Polanisia graveolens Raf. Small-flowered Clammy Weed 
See Pflanzenfamilien 17b: 215. 1936. 
Cleome graveolens (Raf.) Schultes 
Northeast sandy shore of Lost Island Lake (11,238) , Palo Alto Co. 
Pola.nisia. trachysperma T. & G. Large-flowered Clammy Weed 
See Pfianzenfamilien 17b: 215. 1936. 
Cleome tra.chysperma (Torr. and Gray.) Pax and K. Hoffm. 
Gravelly sandbank on the northeast shore of Lost Island Lake. 
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CRASSULACEAE (Orpine Family) 
Penthorum sedoides L. Ditch Stone Crop 
Wet ground along the northeast margin of Elk Lake (5,079); two miles north and 
two miles east of Spencer in wet meadows along an oxbow cut-off of Meadow Creek 
(10,168), Clay Co. Five miles east of Ruthven around ponds in the prairie south 
of Highway 18, Palo Alto Co. General around shallow bodies. of water. 
SAXIFRAGACEAE (Saxifrage Family) 
Heuchera richardsonii R. Br. var. grayana Rosendahl, Butters and Lakela 
Rhodora 35:117. 1933 Alum Root 
H. hispida of auth., not Pursh 
On dry open hillsides in a pasture near Gillett Grove (5,077); gravelly hill in 
cemetery at Dickens (10,139), Clay Co. Highland cemetery two miles east of Lost 
Island Lake, Palo Alto Co. Infrequent on dry prairie. 
Parnassia glauca Raf. Grass of Parnassus 
See Bartonia 17: 18. 1935. 
Parnassia caroliniana Michx. 
Marshy zone in a hanging bog along the Little Sioux River (8,041), Clay Co. Hill-
top bog and wet prairie in vicinity of spring outcrops, five miles east of Ruthven 
(267), Palo Alto Co. Rare except in hanging bogs. 
Ribes americanum Mill. Wild Black Currant 
R. floridum L'Her. 
One mile south of Round Lake along the roadside (10,144), Clay Co. Hanging 
bog along the west side of the Des Moines River one and one-half miles southwest 
of Osgood (878); bank of Lost Island Lake at Lost Island State Park (10,145), Palo 
Alto Co. Common around lake banks and wet roadsides. 
Ribes missouriense Nutt. Wild Gooseberry 
Ribes gracile Michx. 
Grossularia missouriensis (Nutt.) Cov. and Brit. 
Slopes of open woods along the Little Sioux River one mile west of Gillett Grove 
(924) ; on the large Island in Outlet of Lost Island Lake (9,526), Clay Co. Lost Island 
State Park, Lost Island Lake; L. H. Pammel, (I.S.C. 98,859) and 98,813), Palo Alto Co. 
Common in open woods and along lake banks. 
Ribes cynosbati (L.) Mill. Prickly Gooseberry 
Wooded hillsides along the Little Sioux River one-half mile west of Peterson 
(940 and 10,146). Infrequent, but found on rocky woods or on floodplains. 
ROSACEAE (Rose Family) 
Agrimonia gryposepala Wallr. Agrimony 
A. hirsuta Bick. 
Dry slopes Dewey's Pasture (947 and 10,461); on the south bank of Dan Green 
Slough (12,201), Clay Co. Roadside at Electric Park near Lost Island Lake (10,460), 
Palo Alto Co. 
Amelanchier arborea (Michx. f.) Fernald Rhodora 43:563. 1941. Juneberry 
A. canadensis sensu Wiegand in Rhodora 14:150. 1912. 
About five miles north of Emmetsburg (7,576), Palo Alto Co. Occasional. 
Amelanchier hu.milis Wiegand var. exserrata Nielson Am. Midi. Nat. 22:177. 1939. 
Low Juneberry 
Border of upland, dry woods along the Little Sioux River. Low shrub reaching 
6 feet in height when growing among trees. (7,577), Clay Co. 
Crataegus calpodendron (Ehrh.) Medic. 
Growing on the floodplain of the Little Sioux River on the east side of the drive-
way into Wanata State Park (11,052 and 11,038), Clay Co. Infrequent. 
Crataegus chrysocarpa Ashe Round-leaved Thorn 
N. Car. Agr. Col. Bull. 175:110. 1900. 
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See Ann. list of plants 
N.Y. State Mus. Bul. 254. 1924. 
C. rotundifolia (Ehrh.) Moench. 
Along the fencerow of the road north of the Lost Island Lake School (11,014, 
11,014a and 11,015) , Palo Alto Co. Occasional Shores, open woods or fencerows. 
Crataegus mollis (T. & G.) Scheele Woolly Thorn 
In ravines, open woods and along floodplains of streams. Frequent. 
Crataegus punctata Jaquin Dotted Thorn 
Floodplain of a small stream tributary to the Little Sioux River. Adams Farm 
two and one-half miles southwest of Gillett Grove (11,046), Clay Co. Infrequent. 
Crataegus succulenta Schrad. Long-spined Thorn 
C. neofluviatilis Ashe 
C. macracantha Lodd. var. neofluviatilis Ashe 
C. ensifera Sarg. 
At the north edge of Ruthven along Highway 341 (9,466) ; two miles south of 
Ruthven on the west side of Virgin Lake on the Rice Farm (9,479), Palo Alto Co. 
Crataegus succulenta Schrad. var. pertomentosa (Ashe) Palmer Prairie Thorn 
C. pertomentosa Ashe 
C. campestris Britton 
A cluster of slender trees growing along the shaded bank of a stream tributary 
to the Little Sioux River, Adams Farm two and one-half miles southwest of Gillett 
Grove (11,109, 11,023, a, b, and c); along the north windswept shore of Mud Lake 
near a fringe of bur oak trees (11,016) , Clay Co. Along the rocky east bank of 
Lost Island Lake. Bushy trees growing in openings in bur oak woods (11,045) , 
Palo Alto Co. Infrequent. 
Fragaria vesca L. Wood Strawberry 
Open woodland slopes along the Little Sioux River, Wanata State Park, Peter-
son (10,043), Clay Co. 
Fragaria vesca L. var. americana Porter American Wood Strawberry 
Open woods along the Little Sioux River one mile west of Gillett Grove (930), 
Clay Co. 
Fragaria v irginiana Duchesne Virginia or Scarlet Strawberry 
Common in open woods along roadsides, and prairies. 
Fragaria virginiana Duchesne var. illinoiense (Prince) A. Gray Wild Strawberry 
Open woods, slopes along the Little Sioux River, one mile west of Gillett Grove 
(935), Clay Co.; openings around wooded south margin of Lost Island Lake in Lost 
Island State Park (11,293), Palo Alto Co. 
Geum canadense Jacq. White Avens 
Wooded slopes along the Little Sioux River one mile west of Gillett Grove 
(10,463) , Clay Co.; shaded bank of Lost Island Lake (9,468 and 9,488), Palo Alto Co. 
Frequent in woods. 
Geum laciniatum Murr. var. trichocarpum Fern. Rough Avens 
See Rhodora 37:293. 1935. 
G. v irginianum L. 
Open woodland one mile west of Gillett Grove (10,464), Clay Co. 
Malus ioen sis (Wood) Bailey Iowa Crab Apple 
Pyrus ioensis (Wood) Britton 
Edge of woods, along roadside south of Peterson (913) , Clay Co. East rocky bank 
of Lost Island Lake, single column (10,481) , roadside south of Lost Island State Park 
(10,482) , Palo Alto Co. Rare. 
Malus pumila Mill. Common Apple 
At the base of a hill in woodland along the Little Sioux River at Gillett Grove 
(10,483) , Clay Co. 
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Malus soulardi (Bailey) Britton Soulard Crab 
M. ioensis Brit. x M. pumila Mill. 
Roadside bank east of Lost Island Lake (9,478 and 10,496), Palo Alto Co. Not in-
frequent in this region. 
Potentilla arguta Pursh Prairie Cinquefoil 
Rocky prairie in cemetery on Dickens. also in Dewey's Pasture, Clay Co.; high 
prairie about four miles north of Lost Island Lake, Palo Alto Co. Not common, present 
in dry upland prairie. 
Potentilla norvegica L. var. hirsuta (Michx.) Lehm. Rough Cinquefoil 
See Rhodora 28: 213-14. 1926. 
Potentilla mcmspeliensis L. 
Roadside west of Spencer (5,093), Clay Co.; south beach of Lost Island Lake 
(10,453); pond bed south of Lost Island State Park ( 454), Palo Alto Co. 
Potentilla palustris (L.) Scop. Marsh Cinquefoil 
In shallow water of a grassy marsh along the margin of the Outlet of Lost Island 
Lake (10,452), Clay Co. Infrequent. 
Potentilla paradoxa Nutt. Bushy Cinquefoil 
Sandy beach, sandy south shore of Lost Island Lake (10,453 and 10,458), sandy 
gravelly east shore of Lost Island Lake (11,283), Palo Alto Co. 
Potentilla rivalis Nutt. var. millegrana (Engelm.) Wats. Diffuse Cinquefoil 
Meadows, borders of ponds and swamps. 
Potentilla rivalis Nutt. var. pentandra (Engelm.) Wats. Five-stamened Cinquefoil 
Meadows, borders of ponds and swamps. 
Prunus americana Marsh. American Wild Plum 
Widespread, occurring at the edge of woods, roadside, fencerows, and banks 
of lakes. 
Prunus serotina Ehrh. Wild Black Cherry 
Occurring along roadsides and in low woods. Occasional. 
Prunus virginiana L. Choke Cherry 
Common along lake banks, margins of upland woods. 
Rosa arkansana Porter and Coulter Syn. Fl. Co. 38:1874. Wild Prairie Rose 
Bot. Gaz. 96:256. 1934. 
R. heliophila Greene 
R. pratincola Greene 
R. suffulta Greene 
Widespread and abundant, open prairie, roadsides, grain fields and pastures. 
Rosa blanda Aiton Smooth or Meadow Rose 
See Bot. Gaz. 96:250. 1934. 
Common at margin of woods, hedgerows and lake banks. 
Rosa rubiginosa L. Mant. 2:564. 1771. Sweet Brier Rose 
R . eglanteria Mill. 
Diet. Ed. 8. No. 4 .. 1768, not L . 
About two and one-half miles east of Lost Island Lake School along the roadside 
escaped from cultivation and naturalized (11,518) , Palo Alto Co. 
Rubus idaeus L. var. aculeatissimus (C. A. Mey.) Regel and Tiling. Red Raspberry 
Emmetsburg, L .H. Pammel (I.S.C. 94,351), Clay Co. L .H. Pammel, (l.S.C. 9,778), 
Palo Alto Co. Infrequent. 
Rubus occidentalis L . Black Raspberry 
Open woodland along the slopes of the Little Sioux River one mile west of Gil-
lett Grove (10,493), Clay Co. L.H. Pammel (l.S.C. 97,783), Palo Alto Co. Frequent 
in woods and hedgerows. 
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Spiraea alba Du Roi Western Meadow Sweet 
Spiraea salicifolia of auth., in part, not L. 
Margin of pond in Dewey's Pasture (10,494) , Clay Co. Four miles east of Lost 
Island Lake School (9,800) , Palo Alto Co. 
LEGUMINOSAE (Bean Family) 
Amorpha canescens Pursh Lead Plant 
High prairie hills, one mile east of Peterson (908), Clay Co. Prairie west of Lost 
Island Lake (4,023); east of Lost Island Lake (4,025); five miles east of Ruthven 
(11,322) , Palo Alto Co. Common in upland prairie and roadsides. 
A m orpha canescens Pursh forma glabrata Fassett 
High prairie five miles east of Ruthven (11,322), Palo Alto Co. 
Amorpha fruticosa L . False Indigo 
Spring along Pickerel Run ( 4,052) , marsh between Mud and Trumbull Lake 
(6,010), Clay Co. Near the inlet on the west side of Lost Island Lake (7,028) ; sandy 
shore of Silver Lake on the northeast bank ( 4,056), Palo Alto Co. 
Amorpha fruticosa L. var. emarginata Pursh Emarginate False Indigo 
In a marshy area of a hanging bog south of the bridge over the Des Moines River 
west of Osgood (4,053) , Palo Alto Co. 
Amorpha nana Nutt. Dwarf False Indigo 
Amorpha microphylla Pursh 
Prairie roadside eight miles north of Ruthven (9,905) , Clay Co. Prairie in the 
west-central half of the Protestant Cemetery at Ruthven (9,357) , Palo Alto Co. Rare. 
Amphicarpa bracteata (L.) Fern. var. comosa (L.) Fern. Wild Hog Peanut 
Rhodora 35:276. 1933; 39:318. 1937. 
A . pitcheri (T. & G.) 
Glycine comosa L. 
Falcata pitcheri (T. & G.) Ktze. 
A . bracteata (L.) Fern. var. Pitcheri Fassett 
On a bank bordering the south side of Dan Green Slough ( 4,058), Clay Co. 
Woods along the Des Moines River south of Graettinger (4,059), Palo Alto Co. 
Apios americana Medic. Ground Nut Wild Bean 
See Rhodora 13:50. 1911. 
Apios tuberosa Moench. 
Bank around oxbow cutoff, two miles northeast of Spencer (4,043), bank of Dan 
Green Slough, Clay Co. Wooded bank of Lost Island Lake (4,044), Palo Alto Co. 
Infrequent. 
Astragalus canadensis L. Canada Milk Vetch 
Prairie knolls Dewey 's Pasture (6,004) , Clay Co.; West Bend (l.S.C. 96,004), Palo 
Alto Co. Frequent. 
Astragalus caryocarpus Ker. Ground Plum 
Common on gravelly hilltops or flat upland prairie. 
Astragalus goniatus Nutt. Purple Milk Vetch 
See N.A. Flora 24:pt. 7:451. 1929. 
A . hypoglottis Richardson, not L . 
A. agrestis M.E. Jones, not Doug. 
On an elevation about the center of Dewey's Pasture (6,005, 9,345 and 11,305), 
Clay Co. Level prairie along a RR track parallel with Highway 17; about one mile 
north of Graettinger ( 4,046 and 10,052), Palo Alto Co. 
Baptisia leucophaea Nutt. Large-bracted Wild Indigo 
B . bracteata of auth., not (Muhl.) Ell. 
Prairie hillsides northeast of Gillett Grove ( 4,066), Clay Co. Railroad track one 
mile north of Graettinger (4,047); upland prairie five miles east of Ruthven (4,048); 
Highland Cemetery two miles east of Lost Island Lake (9,348), Palo Alto Co. 
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Cassia fasciculata Michx. Partridge Pea 
C. chamaecrista of auth. not L. 
Chamaecrista fasciculata (Michx.) Greene 
Moist prairie five miles east of Ruthven ( 4,067 and 4,068), Palo Alto Co. 
Dalea alopecuroides Willd. 
See Contr. Gray Herb. 65:17. 1922. 
Parosela leporina (Ait.) Rydb. 
Sandy south shore of Round Lake ( 4,051), Clay Co. 
Slender Dalea 
Desmodium glutinosum (Muhl. ex. Willd.) Wood Pointed-leaved Trefoil 
See Rhodora 44: 279. 1942. 
D. acuminatum (Michx.) DC. 
Wooded island in Virgin Lake (4,080) Palo Alto Co. Wooded hillsides bordering 
the Little Sioux River ( 4,081), Clay Co. Infrequent. 
Desmodium bracteosum (Michx.) DC. var. longifolium (T.& G.) Rob. 
Large-bracted Tick-trefoil 
One mile south of Peterson in Wanata State Park, wooded slopes along the Little 
Sioux River, (9,930), Clay Co. 
Desmocl-ium canadense DC. Canadian or Showy Trefoil 
Prairie one mile west of Ruthven along the railroad track ( 4,084) ; roadside along 
Highway 314 between Ruthven and the Lost Island Lak~ School (4,083), Palo Alto Co. 
Desmodium illinoense A. Gray Illinois Tick-trefoil 
About one mile east and five miles south of Ruthven, prairie roadside (9,931), 
Palo Alto Co. 
Glycyrrhiza lepidota (Nutt.) Pursh Wild Liquorice 
Common on prairie roadsides and grassy pastures. 
Gymnocladus dioica (L.) Koch Kentucky Coffee Bean 
Wooded ravine in Wanata State Park along the Little Sioux River (9,938), Clay 
Co. Lost Island Lake, L.H. Pammel (I.S.C. 98,804), Palo Alto Co. 
Lathyrus ochroleucus Hook. Cream-colored Vetch 
Openings in wooded stops along the Little Sioux River (10,026), Clay Co. 
Lathyrus palustris L. Marsh Vetch 
Prairie along Highway 17 and the railroad track one mile north of Graettinger 
( 4,078), Palo Alto Co. 
Lathyrus venosus Muhl. var. intonsus Butters and St. John Veiny Vetch 
Rhodora 19: 158. 1917. 
About three and one-half miles west of Ruthven and one mile north of Highway 
18, along a willow hedge (11,315), Clay Co. Dry roadside at edge of woods east of 
Virgin Lake (4,003); on level to sloping prairie west of Ruthven Cemetery (4,062); 
Hansen Prairie five miles east of Lost Island Lake ( 4,061 and 4,064), Palo Alto C9. 
Lespedeza capitata Michx. Round-headed Bush Clover 
Frequent to abundant in upland prairie. 
Medicago lupulina L. Black Medic 
Roadside between Ruthven and Emmetsburg (4,041); gravelly knoll, edge of 
gravel pit, Silver Lake ( 4,050); growing in blue grass, Lost Island State Park (11,323), 
Palo Alto Co. 
Melilotus alba Desr. White Sweet Clover 
Common along roadsides, railroad tracks and invading virgin prairie in wet 
seasons. 
Melilotus officinalis (L.) Lam. Yellow Sweet Clover 
Not infrequent in fields or on roadsides. 
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Petalostemum candidum Michx. White Prairie Clover 
Frequent on moist prairie slopes. 
Petalostemum pu:rpureum (Vent.) Rydb. 
Frequent on dry prairie or on eroding roadsides. 
Purple Prairie Clover 
Frequent. 
Psoralea argophylla Pursh Silvery-leaved Psoralea 
Hill east of cemetery Dickens ( 4,045), Clay Co. Upland prairie five miles east 
of Ruthven ( 4,032), Palo Alto Co. Infrequent. 
Psoralea esculenta Pursh Pomme de terre or Indian Breadfruit 
Tops of high hills one mile east of Peterson (904) ; prairie along railroad track 
about two miles east of Ruthven, Clay Co. Five miles east of Ruthven, in high prairie 
south of the viaduct (5,088), Palo Alto Co. Infrequent but recurrent on prairie knolls. 
Trifolium hybridum L. Alsike Clover 
Occurring along roadsides and pastures. Naturalized. 
Trifolium pratense L. Red Clover 
Roadsides, fields, naturalized. 
Trifolium procumbens L. Hop-Clover or Tre-foil 
Spencer, W. A. Posey (I.S.C. 77,916), Clay Co. Lawn of Mrs. B. M. Stanton, Ruth-
ven, (6,008), Palo Alto Co. 
Trifolium repens L. Dutch or White Clover 
Common along roadsides, fields and pastures. 
Vicia americana Muhl. American Vetch 
Four miles south of Everly along a branch of the Ocheydan River (915) and 
( 4,072), Clay Co. Hughes Prairie two miles north of Lost Island Lake ( 4,075) ; grassy 
bank south of Lost Island Lake State Park (4,076); prairie along the railroad track 
north of Graettinger (10,025), Palo Alto Co. Frequent. 
Vicia americana Muhl. var. truncata (Nutt.) Brewer Truncate-leaved American Vetch 
Low prairie east of Mud Lake ( 4,071), Clay Co.; moist black soil Hughes prairie 
( 4,070), Palo Alto Co. 
LINACEAE (Flax Family) 
Linum sulcatum Riddell Wild Flax 
Dry bank along Pickerel Run (10,065); prairie hillside, two miles west of Gillett 
Grove (1,027), Clay Co. Upland prairie five miles east of Ruthven (10,066), Palo 
Alto Co. Frequent. 
OXALIDACEAE (Oxalis Family) 
Oxalis corniculata L. Creeping Yellow Wood Sorrel 
See Rhodora 27:120. 1925. 
0. repens Thunb. 
Zanthoxalis corniculata (L.) Small 
Fields and waste ground. Common. 
Oxalis europea Jord. var. bushii (Small) Wiegand Lady's Sorrel 
Rhodora 27: 134. 1925. 
Open dry woods along the Little Sioux River at Gillett Grove (929), two miles 
north and two miles east of Spencer (10,076), eroded pasture at the entrance to 
Dickens (10,077), Clay Co. 
Oxalis europaea Jord. f. pilosella Wiegand 
Rhodora 27:134. 1925. 
Vicinity of Lost Island Lake (11,476), Palo Alto Co. 
Oxalis stricta L. 
Woods, prairies and waste places. Common oxalis. 
Upright Yellow Wood Sorrel 
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Oxalis violacea L. Purple Sorrel or Wood Sorrel 
Rocky open woods or prairies. 
GERANIACEAE (Geranium Family) 
Geranium maculatum L. Wild Cranesbill 
Open woodland, hills along the Little Sioux River in Wanata State Park in 
Peterson (10,048), Clay Co. 
RUTACEAE (Rue Family) 
Xanthoxylum americanum Mill. Prickly Ash 
Open woods one mile west of Gillett Grove (10,072) ; thickets along the edge of 
· woods along the Little Sioux River at Peterson (10,037), Clay Co. Upland woods 
along the Des Moines River (10,083), Palo Alto Co. 
POLYGALACEAE (Milkwort Family) 
Polygala verticillata L. Whorled Milkwort 
Dry prairie knolls, Hughes Prairie about two miles north of Lost Island Lake 
(10,075), Palo Alto Co. 
EUPHORBIACEAE (Spurge Family) 
Acalypha rhomboidea Raf. Three-seeded Mercury 
See Rhodora 39:16. 1937. 
A. virginica sensu Weatherby, Rhodora 29: 194. 1927 not L . (1,753). 
On the floodplain of the Little Sioux River at Peterson (6,026); one mile east of 
Peterson (6,027), Clay Co. Sandy north shore of Silver Lake (6,041), Palo Alto Co. 
Euphorbia corollata L. Flowering Spurge 
Common along roadsides and in prairie. 
Euphorbia dictyosperma Fisch. and Mey. Reticulate-seeded Spurge 
Tithymalus missouriensis (Norton) Small 
Tithymalus arkansanus Engelm. and Gray 
Galarrhoeus missouriensis (Norton) Rydb. 
Galarrhoeus arkansanus Engelm. and Gray 
Roadside along Highway 18 just west of the Little Sioux about four miles east 
of Spencer (9,311), Clay Co. 
Euphorbia glyptosperma Engelm. Ridge-seeded Spurge 
A gravelly hill at the entrance to Dickens along Pickerel Run (6,043); dry hillside 
one mile west of Peterson (6,043) , Clay Co. Sandy northeast shore of Lost Island 
Lake (6,039 and 6,042); dry upland field one-half mile west of Virgin Lake (6,037), 
Palo Alto Co. This plan assists as a soil binder in periods of drought when the blue 
grass is withered. 
Euphorbia heterophylla L . Various-leaved Spurge 
On the sandy south shore of Lost Island Lake near the inlet under willows. 
When growing in the shade, the base of the bracts is white; in sunlight red (6,028), 
Palo Alto Co. 
Euphorbia supina Raf. Spotted Spurge 
See Rhodora 43:254. 1941. 
E. maculata sensu Torrey Fl. State N. Y., 2:176. 1843 and other Am. auth. 
Common on roadside banks, in pastures and waste places. 
Euphorbia maculata L. Upright Spotted Spurge 
See Rhodora 43:143. 1941. 
E. preslii Guss. 
E. nutans Lag. 
Sandy northeast shore of Lost Island Lake (6,030) , Palo Alto Co. Frequent 
throughout the region. 
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Euphorbia esula L. Leafy Spurge 
Spencer, Henry Schroeder, I.S.C. 117,783), Clay Co. 
CALLITRICHACEAE (Water Starwort-Family) 
Callitriche heterophylla Pursh. Water Starwort 
About seven miles north of Ruthven, in Dewey's Pasture in standing water at 
the dam near the entrance (9,558), Clay Co. Five miles east of Ruthven in a pasture 
one-fourth mile south of the viaduct in Highway 18, growing in water of a pond 
(5,084), Palo Alto Co. 
ANACARDIACEAE (Cashew Family) 
Rhus glabra L. Smooth Sumach 
Common, roadside banks and border or woods. 
Rhus typhina L. Staghorn Sumach 
R. hirta Sudw. 
Roadside, Sec. 27, Lost Island Twp. (7,161) Palo Alto Co. 
Rhus toxicodendron L. Poison Ivy 
See Ann. Mo. Bot. Gard. 24:419. 1937; Rhodora 43:597. 1941. 
Toxicodendro-n radicans (L.) Ktze. 
Common, open woods, roadside banks and borders of lakes. 
CELASTRACEAE (Bittersweet Family) 
Celastrus scandens L. Bittersweet 
Occasional throughout the region on eroding banks and open woods. 
Evonymus atropurpureus Jacq. Wahoo or Burning Bush 
Wooded flood plain of the Little Sioux River one mile west of Gillett Grove (5,073, 
10,069 and 10,071), Clay Co. 
STAPHYLEACEAE (Bladdernut Family) 
Staphylea trifolia L. Bladdernut 
Along bases of slopes of hills bordering the Little Sioux River at Wanata State 
Park (5,069), Clay Co. Uncommon. 
ACERACEAE (Maple Family) 
Acer negundo L. Box Elder 
Two miles, south of Gillett Grove, roadside (872), Clay Co.. Wooded hillside 
along the west bank of the Des Moines River (870), Palo Alto Co. Common in open 
woods, low ground. 
Acer nigrum Michx. Black Maple 
Slopes of wooded hills, along a tributary of the Little Sioux River of Adams 
Farm (869 and 871), Clay Co. One and one-half miles southwest of Osgood along the 
base of a hill bordering a hanging bog (7,026), Palo Alto Co. Infrequent in this re-
gion but present in rich woods along slopes and base of hills. 
Acer saccharinum L. Silver or Soft Maple 
Common along banks of streams and around borders of lakes. 
BALSAMINACEAE (Touch-me-not Family) 
Impatiens biflora Watt. Spotted Touch-me-not or Jewelweed 
Moist shady flood plain along the Little Sioux River, Wanata State Park (898), 
spring at Pickerel Run, Dickens (10,080), Clay Co. South side of Lost Island State 
Park, Palo Alto Co. Common in wet woods, vicinity of springs and along wet lake 
banks in open exposures. 
Im;patiens pallida Nutt. Pale Touch-me-not 
Abundant in Wanata State Park (7,288), Clay Co. Occurring in wet woods. In-
frequent, on wooded west shore of Lost Island Lake (7,289) , Palo Alto Co. 
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RHAMNACEAE (Buckthorn Family) 
Ceanothus ovatus Desf. Ovate-leaved New Jersey Tea 
High, gravelly hilltop one mile east of Peterson (10,153 and 10,170), Clay Co. 
Five miles south of Lost Island Lake, high prairie (10,169), Palo Alto Co. Infrequent 
on prairie slopes. 
Rhamnus cathartica · L. Buckthorn 
Roadside bank about 50 feet from the northeast shore of Virgin Lake, two miles 
south of Ruthven (10,154), Palo Alto Co. 
VITACEAE (Vine Family) 
Parthenocissus inserta (Kern.) K. Fritsch Low Virginia Creeper 
P. vitacea Hitchc. 
Climbing over shrubs in woods on Adams Farm in valley of the Little Sioux near 
Gillett Grove (879) , Clay Co. 
Parthenocissus quinquefolia (L.) Planch. Virginia Creeper 
Psedera quinquefolia (L.) Greene 
East bank of Round Lake (10,008), Clay Co. L . H. Pammel (I.S.C. 97,732), 
Palo Alto Co. Common in woods and along lake shores. 
Vitis vulpina L. River-bank Grape 
V. riparia Michx. 
Abundant on lake banks, along rivers and fence rows. 
TILIACEAE (Linden Family) 
Tilia americana L. Basswood or Linden 
T. glabra Vent. 
Slopes and base of hills along the Little Sioux River, west of Gillett Grove 
(87 4), Clay Co. Slopes of low hills bordering the west fork of the Des Moines River, 
one mile southwest of Osgood (873), Palo Alto Co. Infrequent. 
MALVACEAE (Mallow Family) 
Abutilon theophrasti Medic. Velvet Leaf 
Gillett Grove, L .H. Pammel, (I.S.C. 74,447), Clay Co. Becoming frequent in cul-
tivated fields and gardens. Introduced from India. 
Malva neglecta W allr. Common Mallow or Cheeses 
See Rhodora 39:99. 1937. 
M. rotundifolia of auth., not L. 
Gillett Grove L.H. Pammel (I.S.C. 74,443) , Clay Co. Common in cultivated ground, 
barnyards and roadsides. Naturalized from Europe. 
Hibiscus trionum L. Flower-of-an-hour 
Edge of cornfield at the west edge of Ruthven (9,394), Palo Alto Co. Common 
in gardens and cultivated ground. 
HYPERICACEAE (St. John's Wort Family) 
Hypericum canadense L. Canadian St. John's Wort 
Around a pond at the crossroads west of Lost Island Lake (9,512), Clay Co. Not 
uncommon around ponds. 
Hypericum perforatum L. Common St. John's Wort 
About two miles east of Lost Island Lake on a bank at Highland Cemetery 
(9,451); five miles south of Emmetsburg on Highway 17, roadside (11,357), Palo Alto 
Co. Infrequent. 
CISTACEAE (Rockrose Family) 
Helianthemum bicknelli Fernald, Rhodora 21: 36. 1919. Rock Rose 
Helianthemum majus Bicknell, not BSP. 
Crocantheum majus (L.) Britton 
Rocky, upland prairie on the east side of Medium Lake (7,460), Palo Alto Co. 
I 
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VIOLACEAE (Violet Family) 
V iola eriocarpa Schw. var. leiocarpa Fernald and Wiegand 
Rhodora 23: 275. 1922. 
See Bull. Torr. Bot. Club 38:194. 1911. 
V . scabriuscula Schwein, in part. 
Smooth-fruited Smooth Yellow Violet 
Wooded slopes, floodplains and lake banks throughout the region. The most 
common of the yellow violets. 
V iola missouTiensis Greene Missouri Violet 
Abundant locally, or occasional in low sandy woods of the region. 
V iola nephrophylla Greene Northern Bog Violet 
In hanging bogs, abundant locally in this type of habitat. 
Viola papilionacea Pursh 
V. obliqua Pursh 
V. domestica Hill 
V. pratincola Green 
The most common violet in this area. 
Viola papilionacea x pedatifida Brainerd 
Meadow or Hooded Blue Violet 
Growing along the C.M. and St. P . railroad track four miles east of Ruthven 
on a bank. 
V iola pedatifida Don. Prairie or Larkspur Violet 
V. delphinifolia Nutt. 
V. indivisa Greene 
The common violet of upland dry pr airie. An ecological equivalent of the V. 
pedata L. var. lineariloba DC. found further south in similar locations. 
Viola pubescens Ait. Downy Yellow Violet 
V . pennsylvanica Michx. 
Wooded hills one mile west of Gillett Grove along the Little Sioux River (10,257) , 
Clay Co. Infrequent. Intergrades with V. eriocarpa Schwein var. leiocarpa (Fern.) 
Wiegand. 
Viola septentrionalis Greene Northern Blue Violet 
See Violets of N.A. Vt. Exp. Sta. Bull. 224:44. 1921. 
Violaceae of Iowa. Stud. Nat. Hist. State Univ. Iowa 27:61. 1936. 
V. macounii Greene 
V . subviscosa Greene 
V. fletcheri Greene 
V . nesiota Greene 
Moist open grassland (9,296) , Clay Co.; occurs also in open woodland. 
Viola sororia Willd. Woolly Blue Violet 
See Violets of N.A. Vt. Exp. Sta. Bull. 224:41. 1921. 
V . cuspidata Greene 
V. dicksonii Greene 
V . nodosa Greene 
V. palmata var. sororia (Willd.) Pollard 
Wooded lake shores. Stream valleys and floodplains. Frequent. 
LYTHRACEAE (Loose Strife Family) 
Lythrum datum Pursh Winged Loosestrife 
Edge of pond northwest of crossroads west of Lost Island Lake (9,406), Clay Co. 
About five miles east of Ruthven around a pond south of the viaduct over Highway 
18, (9,407), Palo Alto Co. Frequent. 
Rotala ramosior (L.) Koehne Toothcup 
Growing along the muddy north border of Medium Lake (8,610), Palo Alto Co. 
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ONAGRACEAE (Evening Primrose Family) 
Circaea latifolia Hill Enchanter's Night Shade 
See Rhodora 19:87. 1917. 
C. lu.tetiana of Am. auth. not L. 
Drywoods along the Little Sioux River, Wanata State Park, at Peterson (4,000), 
Clay Co. Common in rocky, dry woods. 
Epilobiu.m colaratu.m Haussk. Purple-leaved Willow Herb 
Marshy border of the Outlet of Lost Island Lake northwest of Ruthven (10,097), 
Clay Co. Wet ground of a fen five miles east of Ruthven (10,098), Palo Alto Co. 
Epilobium densum Raf. Narrow-leaved Willow Herb 
Springy bank of Pickerel Run just east of Dickens (10,095). Clay Co. Hanging bog 
five miles east of Ruthven south of the viaduct over Highway 18 (10,094), Palo Alto 
Co. Infrequent in marshes. 
Epilobium glandulosum Lehm. var. adenocaulon (Haussk.) Fernald Rhodora 20:34. 1918. 
Northern Willow Herb 
E. adenocau.lon Haussk. 
Marshy margin of the outlet of Lost Island Lake (10,097) ; springy bank of 
Pickerel Run at Dickens (10,096), Clay Co. Marshy zone around a hanging bog five 
miles east of Ruthven (10,096); sandy beach south of Lost Island State Park, near 
the inlet of Lost Island Lake (10,099), Palo Alto Co. 
Lu.dvigia polycarpa Short and Peter False Loosestrife 
Five miles east of Ruthven in a pond south of the viaduct over Highway 18 (9,416), 
Palo Alto Co. Infrequent on the muddy borders or dry beds of ponds. 
Oenothera biennis L . Evening Primrose 
Five miles east of Ruthven in prairie (10,085), Palo Alto Co. Frequent in prairie 
or in waste areas. 
Oenothera parviflora L. Northern Primrose 
See Rhodora 26:4. 1924. 
Oe. mu.ricata L. 
Sandy border of Mud Lake in Dewey's Pasture (10,089), Clay Co. South beach 
of Lost Island Lake near Electric Park (10,101), Palo Alto Co. 
Oenothera serralata Nutt. Serrate-leaved Primrose 
Meriolix serru.lata (Nutt.) Walp. 
Gravelly prairies and roadsides (10,081), Palo Alto Co. Rare. 
HALORAGIDACEAE (Water Milfoil Family) 
Hippu.ris vu.lgaris L. Mare's Tail 
Marsh on the north side of Dewey's Pasture, in shallow water near the line 
fence (779 and 10,149), Clay Co. 
Myriophyllum spicatu.m L. Water Milfoil 
In two feet of water, silt bottom, Round Lake (711), Clay Co.; Johnson's Slough 
one mile east of Lost Island Lake (11,500), Palo Alto Co. 
ARALIACEAE (Aralia Family) 
Aralia nudicau.lis L. Wild Sarsaparilla 
Moist, shaded slopes in oak-maple-linden woods, along the Little Soiux River 
(894 and 5,075), Clay Co. 
Aralia racemosa L. Spikenard 
Wooded hills along the Little Sioux River at Peterson (7,173), Clay Co. Margin of 
a bog along the Des Moines River (7,152), Palo Alto Co. 
Panax qu.inqu.efoliu.m L. Ginseng 
In rich woods along the Little Sioux River at Wanata State Park (5,066), Clay Co. 
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UMBELLIFERAE (Parsnip Family) 
Anethum graveolens L. Dill 
Escaped from cultivation. Vacant lot, Ruthven, Palo Alto Co. 
Berula pusilla (Nutt) Fernald Cut-leaved Water Parsnip 
See Rhodora 44:189. 1942. 
Berula erecta sensu Coville in Contrib. U. S. Nat. Herb. 4: 115. 1893; not Sium 
erectum Hudson 
Marsh around a hanging bog along the West Fork of the Des Moines River one 
and one-half miles southwest of Osgood (10,433), Palo Alto Co. 
Cicuta bulbifera L. Bulbous Water Hemlock 
Wet meadow along the bank of Pickerel Run (7,000 and 10,418), Clay Co. Tus-
sock marsh near the Inlet of Lost Island Lake (10,417 and 10,419); marshy north side 
of the west bay of Virgin Lake (10,420), Palo Alto Co. 
Cicuta maculata L. Water Hemlock 
Tussock marsh near the inlet of Lost Island Lake (10,419), Palo Alto Co. Not 
uncommon. 
Lomatium orientale Coulter and Rose White-flowered Parsley 
See Bull. Torr. Bot. Club 69:244. 1942. 
Cogswellia orientalis Coult. and Rose 
Pseucedanum villosum Nutt. 
Common locally on gravelly hills along the C. & N. W. railroad track at the 
western border of Peterson Twp., Sec. 19, Clay Co. Appearing also around gravel pits. 
Cryptotaenia canadensis (L.) DC. Honewort 
Deringa canadensis (L.) Kuntze 
Low woods along the Little Sioux River in Wanata State Park (10,416), Clay Co. 
Wooded slopes along the Des Moines River (10,427), Palo Alto Co. 
Daucus carota L. Wild carrot, Queen Anne's Lace 
Frequent along roadsides and in fields. Introduced. 
Eryngium yuccifolium Michx. Rattlesnake Master 
Upland or lowland virgin prairie, sometimes growing abundantly on the site 
of old haystacks. 
Heracleum lanatum Michx. Cow Parsnip 
South of Peterson in low woods, Wanata State Park (10,414), Clay Co. Abundant 
locally. 
Osmorrhiza claytoni (Michx.) Clarke Woolly Sweet Cicely 
Frequent on woodland slopes. 
Osmorrhiza longistylis (Torr.) D.C. Smooth Sweet Cicely 
Wooded slopes along the Little Sioux River at Gillett Grove (928) and at 
Peterson (884), Clay Co. 
Osmorrhiza longistylis (Torr.) D.C. va1 . villicaulis Fernald 
Hairy-stemmed Smooth Sweet Cicely 
Shady woodland along the Little Sioux River one mile west of Gillett Grove 
(10,426), Clay Co. 
Oxypolis rigidior (L.) Coult. and Rose 
Wet meadow around marshes. Rare. 
Pastinaca sativa L. 
Frequent along roadsides and in waste areas. 
Sanicula canadensis L . var. genuina Fernald 
See Rhodora 42:467. 1940. 
S . canadensis L. Sp. Pl. 235 (1,53) in part. 
Cow bane 
Wild Parsnip 
Upland slopes in oak-hickory woods near Peterson (893), Clay Co. Low woods, 
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along the Des Moines River below the bridge, one and one-half miles southwest of 
Osgood (10,432), Palo Alto Co. 
Sanicula gregaria Bicknell Clustered Snakeroot 
In maple-linden woods along the Little Sioux River in Wanata State Park (10,-
423), Clay Co. Lost Island Lake, L.H. Pammel, (I.S.C. 98,862), Palo Alto Co. 
Sanicula marylandica L. Black Spakeroot 
In maple-linden woods along the Little Sioux River in Wanata State Park, south 
of Peterson (10,424), Clay Co. 
Sium suave Walt. Hemlock Water Parsnip 
See Rhodora 17:131. 1915. 
Sium cicutaefolium J.F. Gmel. 
Marshy south shore of Mud Lake associated with Sparganium eurycarpum 
(10,428); marshy ground around an oxbow cutoff in Meadow Creek, four miles north-
west of Spencer (10,429), Clay Co. 
Taenidia integerrima (L.) Drude Yellow Pimpernel 
Slopes of oak-hickory woods along the Little Sioux River, one mile west of Gillett 
Grove (10,422), Clay Co. On a roadside bank near the West Fork of the Des Moines 
River, four miles south of Graettinger (10,421), Palo Alto Co. 
Thaspium barbinode (Michx.) Nutt. Hairy-jointed Meadow Parsnip 
Wooded slopes along the Little Sioux River at Gillett Grove (11,439) ; and in 
Wanata State Park at Peterson (11,404), Clay Co. Five miles south of Graettinger 
on a gravelly bank along the roadside near the Des Moines River (10,430), Palo Alto Co. 
Zizia aurea (L.) Koch Golden Alexander or Golden Meadow Parsnip 
Wet meadow and upland prairie throughout the region. Frequent. 
CORNACEAE (Dogwood Family) 
Cornus drummondi Meyer 
See Am. Midl. Nat. 27:261. 1942. 
C. asperifolia Michx. 
Borders of woods and open woods. 
Rough-leaved Dogwood 
Camus alternifolia L. Alternate-leaved Dogwood 
On slopes of wooded hills along the Little Sioux River in Wanata State Park 
(5,068), Clay Co. 
Cornus obliqua Raf. Kinnikinnik 
C. purpusi Koehne 
C. amomum of auth., in part, not Mill. 
West bank of Mud Lake (10,446), Clay Co. South bank of Lost Island Lake near 
its inlet (10,447), Palo Alto Co. 
Cornus racemosa Lam. Panicled Dogwood 
C. paniculata L' Her. 
C. foemina of auth. not Mill. 
Two miles southwest of Gillett Grove in a shrub colony on gravelly prairie hills 
(11,414), open woods in Wanata State Park along the Little Sioux River (10,444), Clay 
Co. 
PRJMULACEAE (Primrose Family) 
Androsace occidentalis Pursh Androsace 
Gravelly banks, bare hills and gravel pits. Infrequent. 
Lysimachia ciliata L. Fringed Loosestrife 
See Pflanzenfam. IV. 237:276. 1905. 
Steironema ciliatum (L.) Raf. 
Moist soil, which part of the season is submerged, bridge at west end of Lost 
Island Lake (11,418) ; wet meadow, adjoining an oxbow cutoff two miles north and 
two miles east of Spencer (10,156), Clay Co. West Bend, R.I. Cratty (l.S.C. 96,030), 
Palo Alto Co. 
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Lysimachia quadriflora Sims Linear-leaved Loosestrife 
Steircmema quadriflorum (Sims.) Hitchc. 
Wet soil, Dewey's Pasture (7,519), Clay Co. Around the margin of a hanging 
bog, five miles east of Ruthven (11,419) , Palo Alto Co. 
Lysimachia thyrsiflora L. Tufted Loosestrife 
Three miles northwest of Ruthven in a grassy swamp in the outlet of Lost Island 
Lake (10,155) , and (10,347), Clay Co. Bog along the Des Moines River one and one-
half miles west of Osgood (7,575), Palo Alto Co. 
OLEACEAE (Olive Family) 
Fraxinus nigra Marsh. Black or Swamp Ash 
F. sambucifolia Lam. 
Terrace along the West Fork of the Des Moines River, one and one-half miles 
west of Osgood; woodlot below the bridge over the river (856), Palo Alto Co. 
Fraxinus pennsylvanica Marsh. var. austini Fernald, Rhodora 40: 452. 1938. 
Austin's Red Ash 
F. campestris Britton in part. 
East bank of Silver Lake, (9,760 and 9,761), Palo Alto Co. 
Fraxinus pennsylvanica Marsh var. lanceolata (Borkh.) Sargent Green Ash 
See Rhodora 4:453. 1938. 
F. lanceolata Borkh. 
The commonest ash in the region. Woodland slopes, lake banks and around 
dwellings. Used for groves. 
GENTIANACEAE (Gentian Family) 
Gentiana andrewsii Griseb. Bottle or Closed Gentian 
Low meadow bordering the Outlet of Lost Island Lake (10,193), Clay Co. Low 
prairie five miles east of Ruthven (10,409 and 10,194) ; prairie along the railroad and 
highway north of Rodman (10,410) , Palo Alto Co. 
Gentiana procera Holm Smaller Fringed Gentian 
Six miles south and two miles east of Dickens around a hanging bog in a pasture 
along the Little Sioux River (10,190) , Clay Co. Five miles east of Ruthven opposite 
the viaduct in Highway 18, growing in the sedge zone of a hanging bog (10,188 and 
10,191), Palo Alto Co. 
Gentiana puberula Michx. Downy Gentian 
Frequent on dry knolls or level prairie. 
Menyanthes trifoliata L. var. minor Michx. Buck Bean 
See Rhodora 31:198. 1929. 
M. verna Raf. 
In water of a grassy swamp along the edge of Lost Island Lake outlet, two miles 
northwest of Ruthven (2,061), Clay Co. One mile east of Lost Island Lake in John-
son's Slough, (9,183 and 11,423), Palo Alto Co. Coot's nests were built in the shelter 
of the ,colonies in summer of 1939. 
APOCYNACEAE (Dogbane Family) 
Apocynum androsaemifolium L . Spreading Dogbane 
Open woods along the Little Sioux River, one mile west of Gillett Grove (10,274), 
Clay Co. 
Apocynum cannabinum L. Indian Hemp 
Cultivated ground west of Barringer's Slough (4,002 and 10,740) ; common around 
the banks of Round Lake (10,273), Clay Co. Frequent. 
Apocynum cannabinum L. var. pubescens (Mitchell) A. DC. Hairy Indian Hemp 
See Ann. Mo. Bot. Gard. 17:122. 1930. 
Also Ann. Mo. Bot. Gard. 23:159-168. 1936. 
A. androsaemifolium x A . cannabinum. 
Growing in a wet roadside depression in open country near virgin prairie, five 
miles north of Lost Island Lake (7,532) Palo Alto Co. 
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Apocynum sibiricum Jacq. Clasping-leaved Dogbane 
The most common species in virgin prairie or in grazed pasture. Bordering ponds 
in Dewey's pasture, seven miles north of Ruthven. 
ASCLEPIADACEAE (Milkweed Family) 
Acerates viridiflora (Raf.) Eaton Green Milkweed 
Five miles east of Ruthven in upland prairie south of the viaduct in Highway 18 
(9,370 and 10,287); sandy beach along the northeast bank of Lost Island Lake (10,286), 
Palo Alto Co. 
Acera.tes florida.na. (Lam.) Hitchc. Florida Milkweed 
West Bend, R.1. Cratty, (I.S.C. 96,049), Palo Alto Co. 
Asclepia.s amplexicaulis J.E. Smith Clasping-leaved Milkweed 
Dry, upland prairie five miles east of Ruthven (7 ,105). 
Asclepias incarna.ta L. Swamp Milkweed 
Common in wet meadow around swamps, sloughs and lakes. 
Asclepias ovalifolia Dec. Oval-leaved Milkweed 
Dry grassy knolls in Dewey's Pasture. Infrequent. (10,285) Clay Co. Prairie 
five miles east of Ruthven south of the viaduct in Highway 18 (10,284), Palo Alto Co. 
Asclepia.s speciosa. Torr. Showy Milkweed 
Prairie five miles east of Ruthven south of the viaduct in Highway 18 (10,284), 
Palo Alto Co. Recurrent in moist soil around ponds in Dewey's pasture, seven miles 
north of Ruthven (7,536), Clay Co. 
Asclepias sullivantii Engelm. Sullivan's Milkweed 
Occurring in rich, moist, virgin, usually level prairie near ponds. Seen along 
roadside depressions and banks, but not in pastures or fields. 
Asclepia.s syriaca. L. Field Milkweed 
A . cornuti Dene. 
Common in cultivated fields and roadsides. 
Asclepias tuberosa L. Tuberous-rooted Milkweed 
South of Trumbull Lake, along a grassy lane (9,362) ; prairie one mile southeast 
of Gillett Grove (10,279), Clay Co. Roadside north of Graettinger (10,277); prairie 
slopes, five miles east of Ruthven opposite the viaduct on Highway 18 (10,289), Palo 
Alto Co. 
Asclepias verticilla.ta L. Whorled Milkweed 
Pasture west of Trumbull Lake (9,371), Clay Co. Prairie at the left side of 
Highway 18 two miles east of Ruthven (10,276), Palo Alto Co. 
CONVOLVULACEAE (Morning Glory Family) 
Convolvulus a.rvensis L. European Morning Glory 
Frequent in gardens along railroad tracks and sometimes in fields. 
Convolvulus sepium L. 
On the bank of a drainage ditch about one 
Green Slough (3,014) ; prairie three miles west 
18 (3,034), Clay Co. 
American Morning Glory 
and one-half miles south of Dan 
of Ruthven adjacent to Highway 
Cuscuta coryli Engelm. Hazel Dodder 
On the bank of Mud Lake on the north side near the bridge over road, twining 
on an aster (3,018), Clay Co. 
Cuscuta pa.ra.doxa Raf. Glomerate Dodder 
On the northeast bank of Mud Lake near the bridge (3,015); in pasture between 
Trumbull and Round Lakes (3,017); on bank of oxbow cutoff two miles east of 
Spencer, growing on Helianthus grosse serra.tus (3,016), Clay Co. 
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Cuscuta polygonorum Engelm. Smartweed Dodder 
In Dewey's Pasture seven miles north of Ruthven on Polygonum coccineum 
(9,399); three miles east of Spencer on the floodplain of the Little Sioux (3,013), Clay 
Co. 
lpomoea purpurea (L.) Roth 
Occasional, growing in cornfields. 
Morning Glory 
POLEMONIACEAE (Phlox Family) 
Collomia linearis Nutt. Narrow-leaved Collomia 
See Rhodora 23:288. 1921. 
Gilia linearis (Nutt). Gray 
Dry hard soil near the M. & St. L . railroad station in Ruthven (10,000) , Palo 
Alto Co. 
Phlox divaricata L. var. laphami Wood 
See Bartonia 12:34. 1930. 
Phlox divaricata laphami Clute 
Phlox laphami Clute 
Common in low woods and on shaded lake banks. 
Phlox pilosa L. var. fulgida Wherry 
See Bartonia 12:47. 1931. 
Frequent on level or low prairie. 
Blue Wood Phlox 
Downy Prairie Phlox 
Polemonium reptans L. Jacob's Ladder or Greek Valerian 
Rich wooded slopes along the Little Sioux River at Wanata State Park, Peterson 
(5,081) , sometimes growing in open prairie near the woods, Clay Co. 
HYDROPHYLLACEAE (Waterleaf Family) 
Ellisia n yctelea L . Ellisia 
Alluvial or cultivated soil, low woods or in the open. Common. 
Hydrophyllum virginianum L. Virginia Waterleaf 
Wooded slopes along the Little Sioux River one mile west of Gillett Grove 
(934); Wanata State Park south of Peterson (889), Clay Co. Along the north wooded 
shore of Lost Island Lake (9,316); in relatively open bur oak woods bordering the 
southwest margin of Mud Lake (3,026), Palo Alto Co. 
BORAGINACEAE (Borage Family) 
Lappula echinata Gilibert Stickseed 
Common, neglected soil and pastures. 
Hackelia virginiana (L.} I. M. Johnston Virginia Stickseed or Beggars Lice 
See Contr. Gray Herb. 68:43. 1923. 
Lapvula virginiana (L.) Greene 
Under trees along the south border of Lost Island Lake (9,005), Palo Alto Co. 
Lithospermum angustifolium Michx. 
L . linearifolium Goldie 
Frequent in prairie, pastures and along roadsides. 
Lithospermum canescens (Michx.) Lehm. 
Common on upland prairies. 
Onosmodium occidentale Mack. 
Frequent on dry prairies. 
VERBENACEAE (Verbena Family) 
Verbena bracteata Lag. and Rodr. 
See Ann. Mo. Bot. Gard. 20:204. 1933. 
V . bracteosa Michx. 
Fields, barnyards, roadsides, dry hard soil. Common. 
Narrow-leaved Puccoon 
Hoary Puccoon 
Western False Cromwell 
Bracted V ervain 
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Verbena hastata L. Blue Vervain 
Conunon along streams and around ponds in pastures. Frequent. 
Verbena rydbergii Moldenke Rydberg's Verbena 
Rev. Sudam Bot. 4: 19. 1937 
V. stricta x V. hastata 
Wet ground along Little Meadow Creek, one mile north and two miles east of 
Spencer (3,006); pasture across the road from Dewey's Pasture seven miles north 
of Ruthven (3,006), Clay Co. L.H. Pammel (l.S.C. 97,793) Palo Alto Co. 
Verbena stricta Vent. Hoary Vervain 
Abundant in dry and overgrazed pastures, roadsides and uncultivated ground. 
Verbena urticaefolia L. var. leiocarpa Perry & Fernald White Vervain 
Rhodora 38:441-43. 1936. 
Along the floodplain of the Little Sioux R. at Peterson (7,373), Clay Co. Wet 
soil around a hillside spring on the west side of the Des Moines River two miles west 
of Osgood (7,372), Palo Alto Co. L.H. Pammel (l.S.C. 98,810) . Border of Lost Island 
Lake, Palo Alto Co. 
LABIATAE (Mint Family) 
Agastache nepetoides (L.) Kuntze Catnip Giant Hyssop 
Open woodland north of Virgin Lake (9,095 and 9,096), Palo Alto Co. Along the 
shore of Round Lake opposite Trumbull Lake, Gillett Grove, L .H. Pammel, (LS.C. 
78,368) , Clay Co. 
Agastache scrophulariaefolia (Willd.) Kuntze Figwort Giant Hyssop 
Low open woodland along the Des Moines River (9,060) , Palo Alto Co. 
Blephilia hirsuta (Pursh) Benth. Hairy Blephilia 
Lost Island Lake, L. H. Panunel, (I.S.C. 98,846) . 
Hedeoma hispida Pursh Rough Pennyroyal 
Dry pastures or woods. Frequent. 
Leonurus cardiaca L . Motherwort 
Infrequent along roadsides or around dwellings or floodplains of streams. 
Lycopus americanus Muhl. Cut-leaved Bugleweed 
See Rhodora 38:374. 1936. 
Common in wet prairie meadow, pasture, borders of lakes and ponds. 
Lycopus asper Greene Western Bugleweed 
Common in wet meadow of prairie and pasture. 
Lycopus uniflorus Michx. Northern Bugleweed 
See Rhodora 38:374. 1936. 
On hununocks in a small swamp bordering an oxbow cutoff in Meadow Creek 
(10,010), Clay Co. Marshy ground around a woodland spring along the Des Moines 
River two and one-half miles west of Osgood (8,578), Palo Alto Co. 
Lycopus virginicus L. Virginia Bugleweed 
See Rhodora 38:374. 1936. 
Wet meadow along Mud Lake (9,629), Clay Co. Five miles east of Ruthven in wet 
prairie (9,065), Palo Alto Co. 
Mentha arvensis L. var. canadensis (L.) Briq. Hairy Wild Mint 
Wet meadow, southeast margin of Mud Lake (9,063) ; wet bank of Pickerel Run 
at Dickens (9,065); margin of ponds Dewey's Pasture (10,006), Clay Co. 
Mentha arvensis L. var. glabrata (Benth.) Fernald Smooth Wild Mint 
Growing on a bed of dead Carex lacustris from which water had receded, Outlet 
of Lost Island Lake (8,570) , Clay Co. North shore of the south bay of Virgin Lake 
(9,064) ; sandy floodplain along the Des Moines River one and one-half miles west 
of Osgood (10,005), Palo Alto Co. 
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Mcmarda fistulosa L . var. mollis (L.) Benth. Pale Horsemint 
Monarda mollis L. 
Well drained slopes and terraces around ponds and Mud Lake in Dewey's Pasture 
(9,047) and (9,043), Clay Co. L .H. Pammel, (I.S.C. 97,781) , Palo Alto Co. Frequent. 
N epeta cataria L. 
Common in vacant lots, margin of woods and near dwellings. 
Nepeta hederacea (L.) Trevisan 
See Rhodora 23:289. 1921. 
Near dwellings, escaped into woods. Frequent. 
Prunella vulgaris L. var. lanceolata Fernald Rhodora 179-86. 1913. 
Low prairie, floodplain of streams and low woods. 
Catnip 
Introduced. 
Ground Ivy 
Self Heal 
Physostegia speciosa (Sweet) Sweet False Dragonhead 
See Flora of Indiana p. 809. 1941. 
Physostegia virginiana in part of Gray Man. 7 ed. and Dracocephalum virginianum 
in part, of Britton and Brown, Illus. Flora, ed. 2. 
Semi-open, willow shaded bank along the inlet of Round Lake (9,043); roadside 
ditch, two miles east of Spencer (9,045); on hummocks of a swamp near an oxbow 
cutoff in Meadow Creek northeast of Spencer (9,044 and 10,016) Clay Co. · 
Pycnanthemum flexuosum (Walt.) B.S.P. Narrow-leaved Mountain Mint 
Wet prairie along the C.R.I. & St.P. railroad track five miles east of Ruthven 
near the viaduct in Highway 18 (11,408) , Palo Alto Co. 
Pycnanthemum virginianum (L.) Durand and Jackson Virginia Mountain Mint 
Common in wet meadow, around ponds and sloughs. 
Salvia lancaefolia Poir. Lance-leaved Sage 
Dry hillsides in a pasture on the Adams Farm, five miles southwest of Gillett 
Grove (10,102), Clay Co. In a barnyard at the corner of Electric Park two miles 
north of Ruthven, Palo Alto Co. Introduced. Becoming common. 
Scutellaria epilobifolia Hamilton Marsh Skullcap 
See Contr. U.S. Nat. Herb. 28:723. 1927, and Rhodora 23:285. 1921. 
Scutellaria galericulata of Am. auth., not L. in Am. Jour. Bot. 26:17. 1939. 
Frequent around ponds and Mud Lake in Dewey's Pasture (9,056 and 9,628); 
swampy margin of Mud Lake (9,082), Clay Co. Wet meadow of Hughes Prairie, two 
miles northeast of Lost Island Lake (9,084) ; wet meadow of south Mud Lake (9,086), 
Palo Alto Co. 
Scutellaria lateriflora L. Mad Dog Skullcap 
Swampy north margin of Mud Lake (9,054); wet meadow along the south side 
of Dan Green Slough (9,057), Clay Co. 
Scutellaria parvula Michx. Small Skullcap 
On the site of a haystack on bare ground in low prairie bordering the Outlet of 
Lost Island Lake (9,085), Clay Co. Five miles east of Ruthven growing in yellow 
clay around a rodent's den in upland prairie (9,087), Palo Alto Co. 
Stachys palustris L. Hedge Nettle 
Low prairie by roadside bridge west of Mud Lake (9,052) ; wet meadow, Outlet 
of Lost Island Lake (10,856) , Clay Co. Low meadow southeast of Lost Island Lake 
(9,053) , Palo Alto Co. 
Stachys tenuifolia Willd. Smooth Hedge Nettle 
Low, rich woods along the Little Sioux River, Wanata State Park, (10,004) , Clay 
Co. Moist soil along the west border of Lost Island Lake (8,590), Palo Alto Co. 
Teucriu.m canadense L. var. virginicum (L.) Eaton 
American Germander or Wood Sedge 
See Rhodora 35:395. 1933. 
T. canadense of auth. not L . 
North shore of Mud Lake (9,090) , south margin of Round Lake (9,050), Clay Co. 
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Around the margin of a pond one-half mile south of the viaduct over Highway 18 five 
miles east of Ruthven (9,048), Palo Alto Co. 
SOLANACEAE (Nightshade Family) 
Physalis heterophylla Nees Clammy Ground Cherry 
Sandy bank on the southeast side of Lost Island Lake. Abundant locally (2,055), 
Palo Alto Co. 
Physalis lanceolata Michx. Prairie Ground Cherry 
Gravelly hilltop, Hughes prairie, two miles north of Lost Island Lake (2,057), 
Palo Alto Co. 
Physalis longifolia Nutt. Long-leaved Ground Cherry 
Grassland, in the valley of the Little Sioux River, one mile east of Peterson 
(911); about two miles west of Ruthven along the north side of Highway 18 (9,540), 
Clay Co. 
Solanum nigrum L. Black Nightshade 
Common along roadsides, in gardens and cultivated fields. 
Solanum carolinense L. Horse Nettle 
Mallard, W.P. Reinders, (l.S.C. 103,142). Growing in a brush pile in Lost Island 
State Park (7,115), Palo Alto Co. Infrequent. 
Solanum rostratum Dunal Buffalo Burr 
Occasional around barnyards or sandy floodplains of rivers. Introduced. 
SCROPHUCARIACEAE (Figwort Family) 
Castilleja sessiliflora Pursh Downy Paint Brush 
High, gravelly prairie hills, one mile east of Peterson (910 and 9,014), Clay Co. 
Prairie hill, about five miles east of Lost Island State Park (9,013), Palo Alto Co. 
Chelone glabra L. Turtlehead 
Margin of a bog on the west branch of the Des Moines River below the bridge 
west of Osgood (9,682), Walnut Twp., Palo Alto Co. 
Gerardia aspera Douglas Rough Gerardia 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. I. 1935. 
Agalinus aspera (Doug.) Brit. 
Vicinity of Gillett Grove, L.H. Pammel, (l.S.C. 53,471) ,Clay Co. Dry prairie 
hilltops five miles north of Lost Island Lake (7,524), Palo Alto Co. 
Gerardia paupercula (Gray) Britton Small-flowered Gerardia 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. I. 1935. 
G. 'JYUrpurea paupercula Gray. 
Agalinus paupercula (Gray) Britton. 
Recurrent in the wet meadow around hanging bogs and in wet prairie. 
Gerardia tenuifolia Vahl. subsp. parviflora Nutt. Sl~nder Gerardia 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. I. 1935. 
Agalinus tenuifolia Vahl. parviflora (Nutt.) Penn. 
A. tenuifolia Vahl. macrophylla (Benth.) Blake 
On hummocks in an oxbow cutoff in Meadow Creek, four miles northeast of 
Spencer (10,017), Clay Co. Sandy south shore of Lost Island (10,018), Palo Alto Co. 
Gratiola neglecta Torr. Clammy Hedge Hyssop 
Wet, black soil in a bog along the west side of the Des Moines River, south of the 
bridge, one and one-half miles southwest of Osgood (9,035) ; pond two miles south 
of Lost Island State Park on the left side of the Road (9,020), Palo Alto Co. 
Linaria vulgaris Hill. Butter and Eggs 
Occasional along roadsides, dwellings and in open woods. Introduced. 
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Lindernia anagallidea (Michx.) Penn. Short-stalked False Pimpernel 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. 1: 152. 1935. 
Ilysanthes anagallidea (Michx.) Raf. 
I. inequalis (Walt.) Pennel 
Gratiola anagallidea Michx. 
Sandy beach of Lost Island Lake near the inlet below Electric Park (9,019) , Palo 
Alto Co. 
Lindernia du.bia (L.) Pennell subsp. typica Pennell Long-stalked False Pimpernel 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E . Tern. N.A. 1: 141. 1935. 
Ilysanthes du.bia (L.) Barnh. in part 
Around the muddy margin of a shallow pond one-fourth mile north of Lost 
Island Lake (11,443) , Clay Co. 
Mimu.lus ringens L . Square-stemmed Monkey Flower 
Common around the borders of ponds and sloughs. 
Pedicularis canadensis L. Wood Betony or Lousewort 
Frequent on prairie slopes and on ridges in woods. 
Pedicu.laris lwnceolata Michx. Swamp Lousewort 
Marsh along Pickerel Run at the entrance to Dickens (9,007), Clay Co. Along a 
swale in Hughes Prairie two miles northeast of Lost Island Lake (9,008); five miles east 
of Ruthven in the sedge zone of a hanging bog (10,014), Palo Alto Co. 
Scrophularia lanceolata Pursh Lance-leaved Figwort 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. 1: 275. 1935. 
S . leporella Bicknell 
S . nodosa L. occidentalis Rydb. 
West Bend, R. I. Cratty, (I .S.C. 96,369) , Palo Alto Co. 
Scrophularia marilandica L. Maryland Figwort 
Gillett Grove, L .H. Pammel, (I.S.C. 78,369), Clay Co. Open woodland along the 
Des Moines River (9,036) , Palo Alto Co. 
Tomanthera auriculata (Michx.) Rafinesque 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E . Tern. N.A. Mon. I. 1935. 
Gerardia auricu.lata Michx. 
Growing in moist soil of a shallow drainageway running through level ground 
in a fallow oatfield on the Fitzgerald Farm six miles north of Ruthven (7,526), Clay Co. 
V erbascu.m thapsus L. Great Mullein 
Common along the margin of woods. Floodplains of stream and in overgrazed 
pastures. 
Veronica connata Raf. Water Speedwell 
See Acad. Nat. Sci. Phila. Scrophulariaceae of E. Tern. N.A. Mon. I. 1935. 
V. anagallis-aquatica of auth. in part. not L. 
Springy bank of Pickerel Run near the entrance to Dickens (10,019), Clay Co. 
Growing in running water in the inlet of Lost Island Lake (9,017); in a spring emerging 
from a hanging bog along the Des Moines River (9,018) , Palo Alto Co. 
Veronica peregrina L. Neckweed 
Cultivated fields, roadsides and neglected ground. Frequent. Introduced. 
Veronicastrum virginicum (L.) Farwell, Drug Cir. 61:231. 1917. Culver's Root 
Veronica virginica L. 
Leptandra virginica (L.) Nutt. 
Frequent in low prairie. 
LENTIBULARIACEAE (Bladderwort Family) 
Utricularia intermedia Hayne Flat-leaved Bladderwort 
Outlet of Lost Island Lake about four miles northwest of Ruthven. Shallow, 
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grassy margin of marsh in clear water (10,054 and 10,055), Clay Co. Uncommon. 
Utricularia vulgaris L. var. americana Gray Greater Bladderwort 
Abundant in sloughs and marshy lakes such as Round, Mud, Dan Green Slough 
and Johnson's Slough. 
PLANTAGINACEAE (Plantain Family) 
Planta.go lanceolata L. Lance-leaved Plantain 
Occasional, in clover and timothy fields, roadsides and farmyards. 
Plantago major L. Greater Plantain 
Common in hard paths, dooryards, roadsides and fields. 
Plantago purshii R. & S. Pursh's Plantain 
Common on gravelly plain along the Des Moines River (10,059), Palo Alto Co. 
Planta.go rugelii Dene. Rugel's Plantain 
A pioneer of neglected soil. 
PHRYMACEAE (Lopseed Family) 
Phryma leptostachya L. Lopseed 
Frequent, in woods. 
RUBIACEAE (Madder Family) 
Galium aparine L. Cleavers 
Common in low woods. Introduced. 
Galium boreale L. Northern Bedstraw 
Pammel, Fisk and Saunders, (I .S.C. 126,201) , Palo Alto Co. 
Galium boreale L. var. hyssopifolium (Hoffm.) DC. Hyssop-leaved Northern Bedstraw 
See Rhodora 30:106-07. 1928. 
Two miles west of Ruthven on the south side of the Outlet of Lost Island Lake 
in low prairie (9,644), Clay Co. 
Galium boreale (L.) var. in termedium DC. Northern Bedstraw 
One mile east of Lost Island State Park in roadside, prairie (10,024) , Palo Alto Co. 
Galium concinnum Torr. and Gray Shining Bedstraw 
In rich woods along the Little Sioux River at Gillett Grove (2,021), Clay Co. 
Galium obtusum Bigel. Blunt-leaved Bedstraw 
See Rhodora 37:443-45. 1935. 
G. tinctorium L. 
West side of Dewey's Pasture in wet soil around ponds. Low prairie (2,019), Clay 
Co. 
Galium triflorum Michx. forma hispidum Leyendecker Three-flowered Bedstraw 
Shady slopes bordering a tributary of the Little Sioux River at Peterson (938 
and 2,020) , Clay Co. 
CAPRIFOLIACEAE (Honey Suckle Family) 
Sambucus canadensis L. Elderberry 
Open woodland along lakes and in fencerows. 
Lonicera prolifera (Kirsh.) Rehder Twining Honeysuckle 
See Rhodora 12:166. 1910. 
L. sullivantii Gray 
Frequent on wooded hills of the Little Sioux River at Gillett Grove (925, 2,053, 
and 10,244), Clay Co. 
Symphoricarpos occidentalis Hook. Western Buckbrush 
Common in open woods, pastures and along roadsides. 
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Triosteum perfoliatum L. Horse Gentian 
Infrequent in dry woods. 
Viburnum rafinesquianum Schult. var. affine (Schneid.) House 
Downy-leaved Arrow-wood 
See Rhodora 20:14. 1918. 
Viburnum affine Bush 
V . pubescens of auth., not Pursh 
Cut over woodland slopes along Highway 10 at the west entrance to Peterson 
(2,044), Clay Co. 
V iburnum lentago L. Nannyberry 
A member of the pioneer association of cut-over timber on the west side of Peter-
son (2,043); along a stream in Adams Woods three miles west of Gillett Grove (2,042 
and 10,379) , Clay Co. Along the north rocky bank of Silver Lake (2,041), Palo Alto Co. 
CUCURBITACEAE (Gourd Family) 
Echinocystis lobata (Michx.) T. & G. Wild Balsam Apple 
Climbing over bushes on the north bank of Mud Lake (2,035), Clay Co. South of 
Graettinger along the floodplain of the Des Moines River (5,004), Palo Alto Co. Fre-
quent on lake banks and along rivers. 
CAMPANULACEAE (Bluebell Family) 
Campanula americana L. American Bellflower 
Frequent but sparsely distributed in moist shaded woods. 
Campanula aparinoides Pursh Bedstraw Bellflower 
In wet meadow around the edge of the marshy outlet of Lost Island Lake (9,559 
and 9,098) , Clay Co. Sedge zone ar ound a hillside spring on the west side of the 
Des Moines River two miles west of Osgood 7,438), Palo Alto Co. 
Campanula rapunculoides L. European Bellflower 
Roadside banks. Escaped from cultivation. 
Campanula uliginosa Rydb. Blue Marsh Bellflower 
Wet meadow on the Oliver Farm southwest of Lost Island Lake (2,037) , Clay Co. 
West Bend, R.I. Cratty (I.S.C. 96,038), Palo Alto Co. 
Specularia perfoliata (L.) A. DC. Venus Looking-glass 
Infrequent in open woods or pastures. 
LOBELIACEAE (Lobelia Family) 
Lobelia kalmii L. Kalm's Lobelia 
Hanging bog along the Littie Sioux River (9,071) , Clay Co. Wet meadow in 
hanging bog five miles east of Ruthven, south of viaduct in Highway 18 (2,030) , Palo 
Alto Co. 
Lobelia spicata Lamarck var. hirtelta Gray P~le Spiked Lobelia 
See Rhodora 38:313. 1936. 
On knolls in Dewey's Pasture (2,031) , Clay Co. Low meadow southwest of Lost 
Island Lake (2,033) , Palo Alto Co. Frequent in moist prairie. 
Lobelia siphilitica L: Great Lobelia 
See Rhodora 38: 278. 1936. 
Frequent in wet prairie or in open woods. 
Lobelia siphilitica (L.) var. ludoviciana A. DC. Western Great Lobelia 
See Rhodora 38:281. 1935. 
Wet meadow bordering sloughs and swamps. 
COMPOSITAE (Sunflower Family) 
Achillea lanulosa Nutt. Woolly Yarrow 
Roadsides, prairie and overgrazed pastures. 
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Achillea millefolum L. Green Yarrow 
Roadsides, prairie and pastures. 
Agoseris cuspidata (Pursh) Steud. Prairie False Dandelion 
Gravelly hilltops and slopes. 
A m brosia artemisiaefolia L. var. elatior (L.) Desc. Lesser Ragweed 
See Rhodora 37:185. 1935. 
Ambrosia artemisiifolia of auth., not L . 
Common in cultivated land and overgrazed pastures. 
Ambrosia artemisiaefolia L. f. villosa Fernald and Griscom Villous Lesser Ragweed 
Rhodora 37:185. 1935. 
Zone around a pond in Dewey's Pasture eight miles north of Ruthven (10,707); 
on a hummock in a wet meadow around an oxbow cutoff in Meadow Creek about 
four miles northeast of Spencer (10,894), Clay Co. 
Ambrosia coronapifolia T. &. G. Western Ragweed 
Ambrosia psilostachya DC. 
Dry slopes of knolls in Dewey's Pasture seven miles north of Ruthven (10,708), 
Clay Co. North sandy bank of Silver Lake (10,710), Palo Alto Co. 
Ambrosia longistylis Nutt. Long-styled Ragweed 
At the edge of a dry pasture at the entrance to the bridge over the west fork of 
the Des Moines River west of Osgood (10,709), Palo Alto Co. 
Ambrosia trifida L. Greater Ragweed or Horseweed 
Ambrosia striata Rydb. 
Alluvial ground, fields and waste ground. 
Antennaria neglecta Greene Field Cat-foot 
Two miles west of Graettinger on the gravelly terrace of the Des Moines River 
(11,300), Palo Alto Co. 
Antennaria plantaginifolia L. Plantain-leaved Everlasting 
Open woods and hills along the Little Sioux River in Wanata State Park (10,045), 
Clay Co. 
Anthemis cotula L. Mayweed or Dog Fennel 
Common in barnyards, pastures and along roadsides. 
Arctium minus Bernh. Common Burdock 
Common in waste ground and around dwellings. 
Artemisia biennis Willd. Biennial Wormwood 
Wet soil around a pond in a semi-dried marsh (10,719), Clay Co. Along the 
south shore of Lost Island Lake, Palo Alto Co. 
Artemisia campestris L . var. caudata (Michx.) Palmer and Steyermark 
Linear-leaved Wormwood or Sage 
A. caudata Michx. 
A. campestris subsp. caudata (Michx.) Hall and Clements 
Sandy beach on the east side of Lost Island Lake (10,716), Palo Alto Co. 
Artemisia dracunulus L. var. glauca Jepson Tall Wormwood or Sage 
A . dracunuloides Pursh. 
Dry gravelly beach one-half mile south and one mile east of Lost Island Lake 
(10,717), Palo Alto Co. 
Artemisia serrata Nutt. Serrate Wormwood or Sage 
Prairies, and sandy lake banks; Dewey's pasture, Clay Co. Northeast sandy 
bank of Lost Island Lake, Palo Alto Co. 
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Artemisia vulgaris L. var. gnaphalodes (Nutt.) Kuntze Prairie Wormwood or Sage 
Roadside two miles north of Spencer (10,712); dry hills along the Little Sioux 
River, two miles south of Gillett Grove (10,711), Clay Co. 
Artemisia vulgaris L. var. ludoviciana (Nutt.) Ktze. Dark-leaved Wormwood or Sage 
Sandy beach on the north side of Silver Lake (10,720), Palo Alto Co. 
X Aster amethystinus Nutt. Amethyst Aster 
Rhodora 32:1-3. 1930. 
Rhodora 41:190-92. 1939. 
Amer. Jour. Bot. 26:1-12. 
A. ericoides x A. novae-angliae 
About seven miles north of Ruthven in Dewey's Pasture growing on moist hum-
mocks on the west side of the swale west of the hill above Mud Lake (11,134, 11,136, and 
11,137); Dewey's Pasture about 500 feet west of the first colony near a pond (11,133), 
Clay Co. These colonies were located in 1936, but disappeared in 1938. They grow 
in moist (not wet) soil, so the fluctuation of water level may have a bearing on their 
occurrence. A colony was located in 1938 in moist soil on the west side of the west 
lagoon slough of Virgin Lake (11,135), Palo Alto Co. 
Aster angustus (Lindl.) T. & G. Rayless Aster 
Brachyactis angusta (Lindl.) Brit. 
Along the sandy southeast shore of Round Lake near the large cottonwood trees 
(11,074); around the sandy northwest bank of Mud Lake in Dewey's Pasture in 
alkaline soil (11,073), Clay Co. Along the marshy north border of the west lagoon 
of Virgin Lake (11,075) , Palo Alto Co. 
Aster cordifolius L . Heart-leaved Aster 
Moist wooded hillsides along the Little Sioux River (11,098), Clay Co. Abundant 
locally. 
Aster commutatus (T. & G.) A. Gray White Prairie Aster 
See Syn. Fl. 1:185. 1884. 
A . multiflorus var. commutatus T. &. G. 
A. incanopilosus Sheld. 
South shore of Lost Island Lake on a dry prairie hillside on the Loesser (Babcock) 
Farm (11,154), Palo Alto Co. 
Aster ericoides L. Many-flowered Aster 
See Rhodora 32:138. 1930, and 30:227. 1928. 
A. multiflorus Ait. 
A. multiflorus Ait. var. exiguus Fernald 
High prairie two miles east of Peterson (11,119); knolls in Dewey's Pasture (11,107, 
11,108, 11,110, 11,111, and 11,123) , Clay Co. Five miles east of Ruthven prairie along 
the railroad track (11,112) ; two miles north of Lost Island Lake in Hughes Prairie 
(11,125); roadside bank two miles east of Ruthven (11,127), Palo Alto Co. Frequent. 
Aster ericoides L . forma caeruleus (Benke) Blake Blue Many-flowered Aster 
See Rhodora 30:227. 1928, 32:138. 1930. 
A. columbianus Piper 
A. multiflorus var. caeruleus Benke 
A. multiflorus var. columbianus Blake 
Dewey's Pasture along the south trail (11,129 and 11,132), Clay Co. Two miles 
south of Ruthven on a bank west of Virgin Lake School (11,114, 11,116, 11,130, 11,141); 
prairie slope above the fringe of woods around Lost Island Lake on the Loesser (Bab-
cock) Farm (11,115), Palo Alto Co. 
Aster ericoides L. var. prostratus (Ktze.) Blake 
See Rhodora 32:138. 1930. 
A. exiguus (Fernald) Rydb. 
Spreading-haired Many Flowered Aster 
A. multiflorus Ait. var. pansus Blake, in Rhodora 30: 227. 1928. 
Dewey's Pasture in blue grass on knolls (11,109), Clay Co. Prairie south of Ruth-
ven near Silver Lake (11,120), Palo Alto Co. 
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Aster junceus Ait. Rush Aster 
Swampy land northeast of Lost Island Lake (11,166), sedge zone of a fen five 
miles east of Ruthven (7,527), Palo Alto Co. Similar habitat along Elk Creek (7,528) in 
Sec. 16, Logan Twp., Clay Co. 
Aster laevis L. Smooth Aster 
On the northwest side of Lost Island Lake, where the road leaves the highway 
(11,058) and (11,088), Clay Co. Along the roadside, north of Lost Island Lake (11,-
089); five miles south of Ruthven on the road to Silver Lake (11,090), Palo Alto Co. 
Frequent. 
Aster novae-angliae L. New England Aster 
Moist roadside north of Lost Island Lake occurring in a tall purple hedge just in 
front of a taller zone of the clear blue Aster puniceus (11,066), Clay Co. Prairie five 
miles south of Ruthven on the road to Silver Lake (11,067), Palo Alto Co. Frequent 
in pastures, (especially Dewey's), and along roadsides. 
Aster oblongifolius Nutt. Oblong-leaved Aster 
Roadside bank north of Lost Island Lake (11,076); grassy knoll, Dewey's Pasture 
near Mud Lake (11,155); high gravelly prairie hilltop one mile east of Peterson 
(11,118), Clay Co. 
Aster oblongifolius Nutt. var. rigidulus Gray Rigid Oblong-leaved Aster 
Open hilltop at the edge of woods, in shade part of the day, Babcock Farm south 
shore of Lost Island Lake (11,077); roadside bank north of the Lake School and south 
of Lost Island Lake (11,080), Palo Alto Co. 
Aster paniculatus Lam. var. simplex (Willd.) Burgess Panicled Aster 
See Rhodora 35:32. 1933. 
A. salicifolius Ait. in part 
Abundant and widespread. Occurring in a moist zone slightly elevated above 
ponds. Common along roadsides. Conspicuous in Dewey's Pasture, Clay Co. 
Aster pantotrichus Blake Panicled Lateral-flowered Aster 
Jour. Wash. Acad. Sci. 21: 327. 1936. 
A. missouriensis Britton not Ktze. 
A. lateriflorus (L.) Britton var. thyrsoides (Gray) Sheldon. 
Abundant along the floodplain of the Little Sioux River at Peterson (11,149, 11,150, 
11,151, and 11,153), Clay Co. Under willows at right angles to Highway 341 and east of 
the M. & St.L. railway at the north edge of Ruthven (11,157), Palo Alto Co. 
Aster praealtus Poir. Willow-leaved Aster 
See Rhodora 35:21. 1933. 
A. salicifolius in part. 
Dewey's Pasture, moist soil along water (11,177), Clay Co. 
Aster ptarmicoides T. & G. Upland White Aster 
High prairie three miles south of Ruthven and west of Virgin Lake (9,560) 
and 10,593), Palo Alto Co. 
Aster puniceus L. Red-stalked Aster 
Frequent in wet prairie along the border of sloughs and marshes and around 
hanging bogs. 
Aster sagittifolius Wedemeyer Arrow-leaved Aster 
Wooded hillsides above the Little Sioux River in Wanata State Park at Peterson 
(11,101 and 11,102), Clay Co. Abundant locally. 
Aster sericeus Vent. Silky-leaved Aster 
High prairie, two miles east of Peterson (11,069) ; one mile east of Gillett 
Grove on high prairie covered hills (11,070), Clay Co. High prairie south of Virgin 
Lake (11,068), Palo Alto Co. 
Aster umbellatus Mill. Flat-topped Cream-flowered Aster 
Abundant in the Carex zone of hanging bogs, also wet prairies. 
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Bidens cernua L. Nodding Bur Marigold 
Common around the low shores of lakes, borders of ponds and streams. 
Bidens cernua L. var. oligodonta Sherff 
Pub. 388. Field Mus. Nat. Hist. 16:301. 1937. 
Sandy north beach of Lost Island Lake (10,866) , marshy border of stream, 
Hughes Prairie (11,867), Palo Alto Co. 
Bidens comosa (Gray) Wiegand Leafy-bracted Tickseed 
Ponds and border of Mud Lake (10,864 and 10,920), Clay Co. 
Bidens frondosa L. Beggar Ticks or Sticktight 
See Pub. 388. Field Mus. Nat. Hist. 16:236. 1937. 
Margin of ponds in dried ponds Dewey's Pasture (10,872) ; low shady woods 
along the Little Sioux River, Wanata State Park (10,874) Clay Co. Marshy north 
shore of Virgin Lake (10,877), Palo Alto Co. 
Bidens vulgata Greene Tall Beggar Ticks 
North shore of Lost Island Lake (10,876), Clay Co. 
Boltonia latisquama Gray var. microcephala Fernald and Griscom 
Broad-scaled Boltonia 
See Rhodora 42:484. 
Commonly referred to B. asteroides (L.) L ' Her. which occurs in eastern United 
States. Frequent around the borders of sloughs and ponds and lakes. 
Cacalia tuberosa Nutt. Indian Plantain 
Frequent in moist level prairie, sometimes occurring in upland in rich soil. 
Cichorium intybus L. Chicory 
Two miles east of Emmetsburg roadside (10,799), Palo Alto Co. 
Cirsium altissimum (L.) Spreng. 
See Beih. z. Bot. Centralbl. II 35:396-400. 1917. 
C. iowense (Pammel) Fernald 
Common along roadsides and in fields. 
Cirsium arvense (L.) Scop. 
Common in cul,tivated fields, pastures and roadsides. 
Cirsium discolor (Muhl.) Spreng. 
Roadsides and open woods. Frequent. 
Cirsium flodmanii (Rydb.) Arthur 
C. canescens A. Gray, not Nutt. 
Frequent in prairie, pastures and along roadsides. 
Cirsium lanceolatum (L.) Hill 
Common in pastures. 
Tall or Iowa Thistle 
Canada Thistle 
Field Thistle 
Woolly Thistle 
Bull Thistle 
Coreopsis palmata Nutt. Prairie Coreopsis or Stiff Tickseed 
Common in upland prairie. 
Coreopsis tinctoria Nutt. Garden Coreopsis 
Abundant locally in an alfalfa field at the northwest edge of Ruthven (10,760), 
Palo Alto Co. Roadside in Spencer, Clay Co. 
Dyssodia papposa (Vent.) Hitchc. Fetid Marigold 
In a barnyard along Highway 10 about two miles east of Peterson (10,701), Clay 
Co. 
Echinacea angusti folia DC. Narrow-leaved Purple Cone-flower 
Brauneria angustifolia (DC.) Heller 
Native prairie, one mile east of Peterson (906) ; Dewey's Pasture, on knolls in 
blue grass (10,692) , Clay Co. High prairie roadside one mile east of Lost Island 
Lake (10,689) , Palo Alto Co. 
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Erigeron annuus (L.) Pers. White-top 
Common in hay fields, pastures, roadsides and open woods. 
Erigeron canadensis L. Horse Weed or Canada Fleabane 
Common in dry or overgrazed pastures. Was abundant in Dewey's Pasture when 
it was grazed. Becoming less frequent. 
Erigeron philadelphicus L. Philadelphia Fleabane 
Moist slopes of hills and wet shores of lakes. Frequent. 
Erigeron strigosus Muhl. Daisy Fleabane 
See Rhodora 44:340. 1942. 
Erigeron ramosus (Walt.) BSP. of manuals 
Frequent in pastures, open woods and along roadsides. 
Eupatorium perfoliatum L. Boneset 
Frequent in marshy ground including hanging bogs. 
Eupa.torium fistulosum Barratt Joe Pye Weed 
See Rhodora 39:306. 1937. 
E. purpureum sensu Mack. in Rhodora 22: 161. 1920 not L . 
Frequent around the wet borders of marshes, lakes or in the Carex zone of 
hanging bogs. 
Eupatorium rugosum Houtt. White Snakeroot 
See Rhodora 40:293. 1938. 
E. urticaefolium Reichard 
Frequent in woods along the base of hills and on shaded roadsides, lake banks. 
Grindelia squarrosa (Pursh) Dunal Tarweed 
Infrequent in pastures and around ponds, and along roadsides. 
Helenium autumnale L. Sneezeweed 
Wet meadow around marshes and bogs. 
Helianthus annuus L . Annual Sunflower 
Cornfields and roadsides. Infrequent. 
Helianthus divaricatus L. Divaricate Sunflower 
Openings in woodland slopes, Wanata State Park, Peterson (10,142), Clay Co. 
Helianthus grosseserratus Martens Serrate-1,eaved Sunflower 
Abundant along roadsides, in cultivated fields, roadsides and occasional in 
prairie. 
Helianthus laetiflorus Pers. Showy Sunflower 
Prairie slope along roadside about one mile east of Peterson (10,741); open road-
side west of Mud Lake (10,748) ; roadside banks one-half mile north of Graettinger 
(10,744) , Palo Alto Co. 
Helianthus maximiliani Schrad. Maximilian's Sunflower 
Prairie knolls in Dewey's Pasture (10,729) ; roadside bank four miles east of 
Ruthven between Mud and Lost Island Lakes (10,730); open roadside west of Mud 
Lake (10,749) , Clay Co. Two miles east of Ruthven in prairie along the roadside 
near the Lake School (10,726) , Palo Alto Co. Frequent. 
Helianthus rigidus (Cass.) Desf. 
See Papers Mich. Acad. Sci. 9: 344. 1929. 
H. scaberrimus Ell. 
Frequent along roadsides and in dry prairie. 
Stiff Sunflower 
Helianthus tuberosus L. Artichoke 
Common in open woods, prairie, roadsides and in cultivated fields. 
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Heliopsis helianthoides (L.) Sweet var. scabra (Dunal) Fernald Ox-eye 
Rhodora 44: 340. 1942. 
Heliopsis scabra Dunal. 
East of Trumbull Lake (9,666) , Clay Co. North of Lost Island Lake along a 
roadside bank (10,750) , Palo Alto Co. Infrequent. 
Iva xanthifolia Willd. Marsh Elder 
Occasional in pastures, barnyards and roadsides. 
Kuhnia eupatorioides L. False Boneset 
Prairie, pastures and roadsides. Frequent. 
Lactuca campestris Greene Western Wild Lettuce 
Frequent along roadsides and in prairie. Rays pinkish purple. Sometimes mis-
taken for L . ludoviciana, which has yellow rays. 
Lactuca floridana (L.) Gaertn. Florida Wild Lettuce 
Open woodland, Wanata State Park, one mile south of Peterson (9,897), Clay Co. 
Lactuca pulcheUa (Pursh) DC. Blue Wild Lettuce 
Roadside along Highway 18, one-half mile west of Ruthven (10,595) , Clay Co. 
Lactuca scariola L. Prickly Lettuce 
Common in waste ground. 
Lactuca scariola L. var. integrata. Gren. and Godr. Prickly Wild Lettuce 
L. virosa of Am. auth., not L . 
Frequent along roadsides and in waste ground. 
Lactuca canadensis L. Canada Lettuce 
Frequent on roadsides or prairies. 
Liatris acidota Engelm. and Gray Dotted Blazing Star 
L. punctata of auth. not Hook. 
Lacinaria angustifolia Bush. 
Gravelly prairie in cemetery at Dickens (10,528); gravelly hilltops in Dewey's 
Pasture, Clay Co. Along prairie roadside two miles east of Ruthven (10,529); gravelly 
knoll on the Hughes Farm, common locally (10,530) , Palo Alto Co. 
Liatris pycnostachya Michx. 
Lacinaria pycnostachya (Michx.) Kuntze 
Common in low prairie. 
Hairy Blazing Star 
Liatris scariosa Willd. Upland Button Snakeroot or Blazing Star 
High prairie hilltop one mile east of Peterson (10,541), Clay Co. Five miles east 
of Ruthven south of viaduct over Highway 18. Infrequent on upland prairie slopes. 
Liatris squarrosa (L.) Hill Scaly or Squarrose Blazing Star 
Prairie hilltop southwest of Virgin Lake. Common locally (10,532) , Palo Alto 
Co. Infrequent in region. 
Lygodesmia juncea (Pursh) G. Don Bundle-of-switches 
Two miles east of Ruthven in sandy soil by the roadside; also in nearby fields 
(10,526), Palo Alto Co. 
Matricaria matricarioides (Less.) Porter Rayless Camomile 
Along the M. & St. P . railroad station at Ruthven (10,596); edge of sidewalk on 
the main street of Ruthven (10,700) , Palo Alto Co. 
Prenanthes aspera Michx. Rough White Lettuce 
Nabalus asper (Michx.) T. & G. 
Dry upland prairie. Frequent in wet seasons. 
Prenanthes racemosa Michx. Glaucous White Lettuce 
Nabalus racemosus (Michx.) DC. 
Moist prairie. Most common in wet seasons. 
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Ratibida columnaris (Sims) D.Don Long-headed yellow cone-flower 
Lepachys columnaris (Sims) T. & G. 
In bluegrass along roadside, in a lane which leads to Trumbull Lake west of 
Dewey's Pasture. Rare. Clay Co. 
Ratibida pannata (Vent.) Barnhart Gray-headed Cone-flower 
Frequent in pastures, along roadsides and in prairie. 
Rudbeckia hirta L . Black-eyed Susan 
R. sericea Moore 
R . longipes Moore 
Frequent in moist prairie. 
Rudbeckia laciniata L. Compass Plant 
Frequent in upland prairie. 
Rudbeckia triloba L. Thin-leaved Cone Flower 
Infrequent in low woods. 
Senecio aureus L. Golden Ragwort 
Low prairie, around the swampy Outlet of Lost Island Lake (10,611), Clay Co. 
Low prairie about three miles east of Lost Island Lake (9,790) ; about eight miles east 
of Emmetsburg (10,612) , Palo Alto Co. 
Senecio integerrimus Nutt. Entire-leaved Groundsel 
Open grassland at the southeast edge of Graettinger (10,564) ; low prairie along 
Highway 17, about one mile north of Graettinger (10,565) ; on the south shore of 
Lost Island Lake in the border of woods on the Laesser (Babcock) Farm (9,791), 
Palo Alto Co. 
Senecio pa.uperculus Michx. Balsam Groundsel 
Rocky prairie hillside three miles west of Gillett Grove on the Adams Farm 
(10,380 and 10,563), Clay Co. 
Silphium laciniatum L. Compass Plant or Rosin Weed 
Frequent in prairie. 
Silphium perfoliatum L. Cup Plant 
Frequent in low ground near woods, or in moist prairie. 
Solid.ago altissima L. Tall Goldenrod 
This is commonest species in this region, occurring in prairies, fields, and thickets. 
Blooming period July 20-August 20 distinguishes it from S. canadensis L. var. 
gilvocanescens Rydb., which blooms a month later. 
Solid.ago canadensis L. var. gilvocanescens Rydb. Crescent Canada Goldenrod 
S. gilvocanescens (Rydb.) Smyth 
Fields and prairies. Abundant in Dewey's Pasture where it occurs in a zone 
between the ponds or the lake border and a zone occupied by S. altissima. Both species 
flourished when this area was pastured, but since the blue grass has grown tall and 
thick, S. canadensis var. gilvocanescens in the summer of 1939 showed a marked 
decrease in stand. 
Solidago glaberrima Martens Smooth Prairie Goldenrod 
S . missouriensis of auth., not Nutt. 
Frequent on upland prairie. 
Solid.ago glaberrima Martens var. moritura (Steele) Palmer and Steyermark 
Narrow-leaved Smooth Goldenrod 
S . glaberrima Steele 
Frequent in the same location with the species. 
Solidago graminifolia (L.) Salish. Flat-topped Goldenrod 
Euthamia glutinosa Rydb. 
Wet soil along the marshy border of Pickerel Run at the east entrance to 
Dickens (16,645) , Clay Co. Wet soil around the margin of a hanging bog, five miles 
east of Ruthven, south of the viaduct over Highway 18 (10,643), Palo Alto Co. 
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Solidago gymnospermoides (Greene) Fernald Viscid Bushy Goldenrod 
Euthamia gymnospermoides Greene 
Sandy roadside and pasture nine miles east of Ruthven (10,644) ; three miles ~ast 
of Lost Island Lake and one mile north of the Highway 18, gravelly bank by roadside 
(10,685), Palo Alto Co. 
Solidago latifolia L. Broad-leaved Goldenrod 
Wooded slopes along the Little Sioux River two and one-half miles east of 
Spencer (10,019) ; shaded slopes along the Little Sioux River in W anata State Park 
(10,620) , Clay Co. Slopes of hills, shaded, along the West Fork of the Des Moines 
River north of Graettinger (10,018) , Palo Alto Co. 
Solidago nemoralis Ait. Gray Goldenrod 
High prairie southwest of Virgin Lake (10,661) ; dry roadside two miles east of 
Ruthven (10,666); dry gravelly hilltops south of Lost Island Lake (10,655) , Palo Alto 
Co. 
Solidago nemoralis Ait. var. decemflora (DC.) Fernald Long-petioled Gray Goldenrod 
Rhodora 38: 226. 1936. 
S. pulcherrima Nelson 
S . longipetiodata Mack. and Bush. 
Gravelly prairie southwest of Lost Island Lake (11,208), Clay Co. 
Solidago riddellii Frank Riddell's Goldenrod 
Moist prairie along Pickerel Run at the east entrance to Dickens (10,627) , Clay 
Co. In a meadow of sedge around a hanging bog five miles east of Ruthven (10,624 
and 10,625) , Palo Alto Co. 
Solidago rigida L. Stiff Goldenrod 
Frequent in prairie, pastures and roadsides. 
Solidago speciosa Nutt. var. angustata T. & G. Narrow-leaved Showy Goldenrod 
S. rigidiuscula (T. & G.) Porter 
Prairie two miles west of Ruthven (10,640), Clay Co. High prairie southwest of 
Virgin Lake (10,638) ; upland prairie one mile south of the viaduct over Highway 
18 (10,641), Palo Alto Co. 
' Solidago gigantea Ait. var. leiophylla Fernald, Rhodora 41:457. 1939 
S . serotina Ait. Serrate-leaved Goldenrod 
Depression along roadside near the bridge over Lost Island Lake (10,664), Clay 
Co. Moist depression at roadside one mile east of Ruthven on the Lake School road, 
Palo Alto Co. Frequent. 
Sonchus arvensis L . var. glabrescens Guenth. Smooth Perennial Sow Thistle 
Grab. and Wimm. Enum. Stirp. Phan. Siles p. 27, 1824. 
See Torreya 22: 92. 1922. 
S. uliginosus Bieberstein Flora Taurico-Caucasica 2:238. 1808. 
About 10 miles south of Spencer, a small patch on the grassy shoulder of Highway 
71 (10,815); three miles east of Spencer on the grassy shoulder of Highway 18 (10,821); 
two miles west of Ruthven along the grassy highway, not observed before 1938 (10,821) ; 
growing by a culvert at a fence corner about five miles west of Ruthven on the 
highway where it has grown vigorously from 1934-38 and has never been cut, 
Clay Co. Along roadside in a sod of Agropyron repens, a few rods east of the 
C.M.St.P. Railroad track on the north side of the highway, a patch 12-15 ft. long 
has been cut, dug and smothered but still persists (10,816) ; two small patches have 
been growing between pile of ties in front of the Spahn and Rose Lumber Yard for 
five years (10,818); scattered plants occur along the shore of Lost Island Lake west 
of the highway bridge (10,819). Scattered through a patch of Soy Beans one mile 
east of Ruthven (7,574), Palo Alto Co. 
Sonchus asper (L.) Hill Spiny-leaved Sow Thistle 
Not infrequent in waste ground. 
Sonchus oleraceus L . Cabbage-leaved Sow. Thistle 
Back of stores on the main street of Ruthven (10,853), Palo Alto Co. 
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Tanacetum vulgare L. Tansy 
Six miles northwest of Emmetsburg along Highway 17 (10,601) , Palo Alto Co. 
Taraxacum laevigatum (Willd.) DC. Red-seeded Dandelion 
See Rhodora 35:379. 1933. 
T . erythrospermum Andrz. 
Leontodon erythrospermum (Andrz.) Brit. 
Gravelly prairie along the railroad tracks, one mile north of Graettinger (10,592) , 
Palo Alto Co. 
Taraxacum palustre (Lyons) Lam. & DC. var. vulgare (Lam.) Fernald 
White-seeded Dandelion 
Rhodora 35:380. 1933 
Taraxacum otficinale Weber 
Leontodon taraxacum L. 
Common in lawns, pastures and roadsides. 
Tragopogon pratensis L. Goat's Beard or False Salsify 
Roadsides, hayfields, pastures and railroads (10,603), Palo Alto Co. 
Verbesina enceloides (Cav.) B. & H . var. exauriculata Robinson and Greenman 
Golden Crownbeard 
In the margin of a millet field two miles east of Ruthven, east of the Lake School 
(10,550) , Palo Alto Co. 
Vernonia fascicula.ta Michx. Fascicled Iron Weed 
Frequent in low ground. 
Xanthium italicum Mor. Common Cockle Burr 
X. glanduliferum Greene 
X. commune Brit. 
Frequent in cultivated fields, around the margin of ponds and filling the bed of 
dried ponds. 
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In preliminary studies reported in 1931, Nelson and her co-workers 
noted the nutritional ineffectiveness of certain meat diets when fed to 
the albino rat. Later (1935), Nelson, Hoyt, McLaughlin, and Morgan, in 
a survey of the food consumption habits of 145 Iowa farm families, found 
that the average consumption per adult male unit per year for the 
group was 173 lb. In certain families, as much as 500 lb. per man per 
year was consumed. Since meat occupied so prominent a place in the 
list of food commodities commonly consumed by many of the people of 
Iowa, it seemed important to reinvestigate by means of the biological 
feeding experiment, the role meat may play in nutrition when it serves 
as the chief protein constituent in an experimental ration deemed ade-
quate in all the essential nutrients. 
A bioassay of this kind presents certain difficulties and problems 
in the choice of criteria for the evaluation of the efficiency of the protein 
in the ration. A study of the long train of biochemical investigations 
initiated by the classic experiments (1911) of Osborne and Mendel deal-
ing with the nutritive value of proteins derived from different food 
sources, shows that many indexes have been used in attempts to measure 
the nutritive value of the specific protein employed. Rate of induced 
growth, nitrogep.ous metabolism, and success in bearing and rearing of 
young have been appraised most frequently. The use of any one of the 
indexes has varied in the hands of different investigators. Growth, for 
example, has often been studied in relatively short portions of the normal 
life span and in periods of life when only gross dietary deficiencies may 
manifest themselves. Interpretation of rate. of growth has been another 
variable factor. 
In many instances, the standards listed above have been employed 
singly, not collectively. As a result, it has sometimes been assumed 
that successful support of one function implies adequacy in respect to 
another; protein capable of supporting growth, for example, is also effi-
cient for body maintenance or for insuring successful reproduction and 
lactation. Such a premise may be questioned, and in this connection 
Morgan and Kern, in 1934, aptly suggested that the amino acids needed 
for adult maintenance may be quite different from those required for 
growth. The suggestion has found substantial verification in the investi-
gations of Burroughs et al. (1940) . 
' Journal Paper No. J-912 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, project No. 253. A preliminary report was presented before the meeting of 
the American Physiological Society at Cincinnati, 1933. 
2 Now at the Oklahoma Agricultural and Mechanical College, Stillwater, Okla-
homa. 
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In respect to reproduction and lactation, workers in the field have 
more or less generally taken for granted that the nitrogen requirements 
for the support of these functions are more complex than those of growth 
or maintenance. Whether this will prove true when all the prerequisites 
of a fully adequate diet are determined remains to be answered. Difficul-
ties have arisen also because often, observations have been based on one 
reproductive cycle, or, at best, on those occurring in one generation of 
animals. To us, it seems that the criteria needed for the evaluation of 
the nutritive value of a diet must cover not only the needs of an in-
dividual throughout its entire life history but those of the species as 
well. An investigation described by Slonaker (1939) dealing with the 
effect of different percentages of protein in the diet of rats probably 
represents as comprehensive an attack of the problem from this angle 
as any reported to date. 
In the present experiments, a series of four rations were formulated 
which we believed would test the efficiency of meat for maintaining all 
life functions when it serves as the main source of dietary protein. The 
rations were fed to groups of albino rats for periods long enough to 
demonstrate whether or not they were capable of supporting indefinite 
perpetuation of the species. Simultaneously, the diets were rated ac-
cording to average growth, physical fitness, length of life, and reproduc-
tive efficiency of successive generations of the animals subsisting upon 
them. 
In the present report, the breeding records of four groups of rats 
fed diets containing dried canned autoclaved beef or pork muscle at two 
levels of intake are presented. Results covering the ability of meat diets 
to support other life functions will appear in later papers. 
EXPERIMENTAL 
In general, the nutritive value of the four diets employed was as-
sessed by determining the ability of groups of rats to maintain them-
selves for six generations. Sherman (1932) believes that a diet providing 
10 to 15 per cent of its total calories as protein provides a liberal margin 
for safety insofar as the nitrogen needs of the individual are concerned. 
Therefore, a diet containing dried canned autoclaved pork muscle equiva-
lent to 15 per cent of protein was formulated. In a second diet, the dried 
canned pork muscle was replaced by beef similarly prepared. Then, in 
addition, since we were interested in the effect of the ingestion of large 
quantities of meat, two other diets were planned in which the protein 
level was increased to 30 per cent by doubling the quantity of pork or 
beef at the expense of cornstarch. The two rations containing 15 per 
cent of protein were designated as Pork I and Beef I ; the two, containing 
30 per cent of protein as Pork II and Beef II. At the time of their formula-
tion, it was believed that the diets contained all of the essential nutrients 
in sufficient quantities. Their composition is shown in Table 1. 
The problems introduced by variations in the use of different sam-
ples of meat in the diet as the experiment progressed were recognized. 
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The use of fresh pork in the rations was precluded on account of the 
trichinosis that developed in rats in preliminary feeding trials. Since 
facilities for freezing were not available when the experiment was ini-
tiated, it was necessary to resort to the use of canned meats. Meat ob-
tained from the Iowa Packing Company was canned in lots varying in 
size from 500 to 1,500 lb. The pork was purchased as green skinned 
hams, the beef in matched rounds. Before canning, the meat was closely 
trimmed of fat, and ground. Portions weighing 1 lb. were placed in cans 
which were sealed and processed for 65 minutes at 15 lb. pressure. When 
the cans were opened, the fat congealed on the top was removed and 
discarded. One thousand gm. of meat were then spread in a thin layer 
on a Monel metal tray covered with cheesecloth, and dried to one-half 
TABLE 1 
COMPOSITION m DIETS 
Consti tuents Pork I Pork II Beef I Beef JI 
percentage percentage percentage percm tage 
D ried autoclaved pork m uscle 
(dried to Y2 its original weight) . 2S so . . . . . . . . . ..... 
D ried autoclaved beef muscle I 
(dried to Y2 its or iginal weight). . . . . . . . . . ... . . . . . . . . .. . . 2S so 
Cornstarch .................... S3 28 S3 28 
Yeast * ........ .. . . . ..... . .... s s s s 
Agar agart .. . .. ... . . . ... . ..... 2 2 2 2 
NaCl .. ..... .. . . . . . ' .......... 1 1 1 1 
Osborne & M endel salts ... . .... 4 4 4 4 
Butterfat ..... . .. . .. .. .. . . ... .. 8 8 8 8 
Cod liver oil t ... .............. 2 2 2 2 
Protein value (N x 6.2S) ..... . . 1S.2S 26 .28 15 .00 27. SS 
* Yeast Foam Tablet Powder obtained from the Northwestern Yeast Co., Chicago, 
Illinois. 
t Bacto-Agar purchased from the Difeo Laboratories, Inc., Detroit, Michigan . 
t R efined Norwegian vitamin tested cod liver oil, U.S.P. , purchased from the Pearson 
Ferguson Co., Kansas City, Missouri. 
the original weight under a current of warm air, in an oven kept below 
100° C. Approximately 1 hou,r was required. This concentration was 
necessary for the adjustment of the protein values of the diets. The 
partially dehydrated meat was never stored, being incorporated in diets 
at once. 
The diet was mixed twice weekly and stored in an ice box. A 
quantity of food slightly greater than the rat could eat was fed daily. 
The portion unconsumed at the end of the day was discarded. 
The experimental animals used in making up the parental groups 
were albino rats of strain A , Wistar stock, inbred by brother and sister 
matings for 64 generations. The animals, weaned from the stock colony 
when 28 days old, weighed approximately 50 gm. The young rats, both 
males and females, were given the stock diet of the breeding colony until 
they were 56 days old. Then they received the experimental diet of the 
group to which they had been assigned. Rats in later generations never 
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had access to any but their specific experimental diets. The rats were 
housed separately in wire-mesh cages with raised screen bottoms. The 
pans were cleaned daily, cages and pans sterilized weekly. The daily 
food consumption was recorded. 
In breeding, the brother-sister plan of mating was followed. In the 
early part of the experiment, a pair of animals 56 days old was caged 
together until the female became pregnant. Upon weaning of the litter, 
the same pair was re-mated. Toward the end of the study, the females 
were bred only when in heat, as determined by examination of cells 
removed from the vagina. In general, the reproductive histories to be 
described are those of pairs of animals. Only if a female persistently failed 
to give a positive mating was she mated with a different male; then an-
other brother was used. 
Every animal was given the opportunity to bear and rear six litters 
-a performance arbitrarily designated as highly satisfactory. In order to 
equalize lactation strain, large litters were reduced to six rats, 4 days 
after birth. Therefore, theoretically, in each generation a female had the 
opportunity to rear thirty-six young. However, the records r~ported 
herein of a group of rats maintained on the adequate ration fed the stock 
colony indicate that this standard may have been too high. The perform-
ance of this particular group of stock rats measured about two-thirds the 
criterion set. This point should be kept in mind in evaluating the data 
obtained in the experiment. · 
After the weaning or loss of the sixth litter, or when sterility was 
proved in less successful cases, the female and her brother mate were 
removed to the "longevity" colony where they were kept under the best 
conditions possible until death. 
The group of rats transferred at weaning from the stock colony to 
the experimental diet was designated as the parental generation, follow-
ing generations as generation I, generation II, etc. A precipitous loss 
in the weight of the maternal rat with or without the appearance of a 
litter was taken to indicate the birth of a litter, the latter situation being 
interpreted as cannibalism. A slow loss in body weight beginning about 
14 days after the observation of a positive mating was termed a resorp-
tion. 
In planning for the propagation of generations, it was necessary to 
devise -a scheme whereby the number of rats produced could be kept 
within the facilities of the laboratory. Two pairs of rats, the average of 
the litter as to weight, were removed from either a second or third litter 
produced by a parental rat, to form generation I. In some cases where 
no second or third litters were reared, animals from the fourth litter 
were used for the first generation. The rats from all other litters were 
discarded at weaning. Similarly, from the second or third litters of each 
first-generation-female, another two pair of young were chosen for 
starting generation II. Thus, if she were 100 per cent successful, one 
parental female in six generations would produce fifty-two breeding 
females and 2,268 progeny. 
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RESULTS 
The average reproductive record in successive generations of females 
reared on each of the four test diets is shown in Table 2, Complete ex-
tinction of the species followed the feeding of the Pork I diet. Reproduc-
tive disaster beset the group very early in its history. Even in the par-
ental generation, each female was able to rear only 6.2 young instead 
of the theoretical thirty-six. In many of these rats, also, an unusual 
syndrome appeared in the first or second gestation on the day of parturi-
tion. Seemingly in fine physical condition, the animals suddenly became 
moribund and in some cases, convulsive. In either case, the sydrome 
had many of the characteristics of a "toxic" pregnancy in the human be-
ing, and invariably ended in death. It's incidence was fairly high; of the 
animals observed to date, 43 per cent have developed the disorder in 
the parental generation. 
The fertility of the rats that survived parturition was low, each fe-
male producing an average of only 3.0 litters, each containing 7.0 rats. 
About 24 per cent of the young were born dead, and of those born alive, 
44 per cent were dead at the end of 4 days. Each female reared only 42 
per cent of the young allotted to her after the litters were reduced to six 
rats. With the plan of breeding followed, approximately 325 days elapse 
under normal conditions from the time of initiation of the first pregnancy 
to the weaning of the sixth litter. Under the present experimental con-
ditions, the reproductive period of the rats fed the Pork I diet was 
considerably shorter, being only 108 days. 
Records in the first generation were poorer than in the parental 
group. Fewer litters were born per rat and the litters were smaller. 
On the average, each female weaned only 1.1 young. These young when 
bred were sterile, so the group became extinct with the second genera-
tion. 
The substitution of the same quantity of beef for pork in the experi-
mental diet effected very little, if any, improvement. Pregnancy disease 
still appeared, and the average reproductive behavior resembled that of 
the pork-fed rats. However, in this dietary group, rats of the second 
generation were not completely sterile. 
An increase in the quantity of pork in the Pork I diet to a level 
approximating 30 per cent of protein (Pork II) improved the breeding 
records only to a slight extent in the parental generation, the most 
notable change being the drop in the incidence of "toxic" pregnancy. How-
ever, the relative number of resorptions per rat increased. Performance 
fell markedly in later generations, so that the group died out in the 
fifth generation. 
Although the replacement of pork with beef at the lower level did 
not enhance the nutritional qualities of the diet, a most unexpected and 
surprising improvement occurred when beef supplanted pork in the diet 
containing 30 per cent of protein. A smaller proportion of the rats fed this 
TABLE 2 
AVERAGE BREEDING RECORDS OF Srx GENERATIONS OF RATS FED DIFFERENT EXPERIMENTAL DIETS 
""' N 
Percent- Percent- Av. N 
age Percent- age of Length Percent-
'1:1 
Inci- age Av. Percent- Young of age of l'l 
No. of dence Inci- No. of age of Born Percent- Re pro- Females > !:ti 
Rats in of Preg- dence of No. of Young Young Alive No. of age of ductive Failing t:"' 
Each nancy Resorp- Young No. of per Born Dead at Young Young Period to Rear '.'d 
Diet I Generation Group Disease tions Born Litters Litter Dead* 4 Days Reared Rearedt in Days Young f/l 
~ 
Parental. ... .. 30 43 .3 5.7 21 . 1 3 .0 7.0 23 . 9 44.1 6.2 42.4 108 .2 43.3 > 
I .. ........ 16 0 .0 4 .6 6 .4 1.4 4.5 15.5 68.2 1.1 24 . 1 64 .8 81.2 z f/l 
II . .. . .. . ... 8 0 .0 0 .0 0 .0 0 .0 ........ . . . . . . . . . . . . . . . . 0 .0 . ....... 0 .0 100.0 0 
Pork I I III ... . ...... 0 . . . . . . . . . . . . . . . . .... . ... . . . . . . . . ........ . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . . . . . . . . . . . . . . . . ~z 
IV ..... . .... . . . . . . . . . . . . . . . . ........ . . . .. . . . . . . . . . . . . . . . .... .. .. .... . . . .. . . . . . . . . . . . ~ v ......... . . .... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . . . . . . . . . . . . . . . . . . . . . . . . H 
t:"' 
t:"' 
Parental. ..... 21 47 . 6 1. 6 19 .4 3.2 6 .1 23 . 3 47.7 7 .0 57 .6 113 .8 38 .1 H > I .. .. .... .. 33 0 .0 23 .8 3 . 3 0 .5 5 .5 28.9 58.1 0 .8 35.6 25.3 84 .8 E:: 
II .. .. .. . ... 2 50 .0 0 .0 9 .0 2 .5 3 .6 48.0 100 .0 0 .0 0 .0 89.5 100 .0 H 
Beef I I III .......... 0 z . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . > IV .. . ...... . . . . . . . . . .... . ... . . . . . . . . . . . . . . . . ........ . . . . . .. . . . . . .. . . . ....... . . . . . .. . . . ...... . . . . . . . . l'l 
v .. ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. . . . . . ... . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . 
> !:ti 
Parental. ..... 20 10 .0 23.5 20.0 2.7 7.4 27.9 42.8 6.4 51 .6 162 .2 45 .0 E:: 
I .......... 18 0 .0 17 . 3 5 . 3 1.0 4 .8 8.5 68.3 0 .7 28 .9 52.4 88 . 9 f/l 
II ........ .. 4 0 .0 0 .0 7 .0 1.0 7 .0 6 .7 55 .1 1. 7 29 . 1 46.0 50.0 ~ 
Pork II I III . . . ....... 3 0.0 14.3 11. 7 2 .0 5 .8 19.0 66 .2 4 .0 33 . 3 98 . 3 33 .3 0 
IV . . .. .. . .. . 4 0 .0 37 .5 12 .0 1. 5 8 .0 8 . 3 67 .5 4 .2 47 .2 92 .7 50 .0 z ~Cl 
v .... ... .. . 4 0.0 0.0 0.0 0 .0 . ... ... . . . . . . . . . . . . . . . . . 0.0 . .... . 0 .0 100.0 
'.'d 
Parental. ..... 15 13.3 3 .8 26.6 3 .5 8.0 10.1 29.9 12 .6 68 .6 161. 9 26 .7 E:: 
I ........ .. 32 3 .1 4 . 3 18.9 2.9 6 .5 19.9 44 .5 7 . 3 52 . 4 124 .4 40 .6 > 
II . .. .... . .. 24 0 .0 3 .2 25 .0 3 .7 6.7 13 .9 47 .8 10 .6 53 .8 176 .8 16 .7 = l'l 
Beef II I III . . . ... . .. . 28 0 .0 2 .9 26.7 4.0 7 . 1 14 . 3 51. 3 10 . 4 52 .0 168.5 15.4 t:"' 
IV . . .. ...... 36 0.0 2.7 20.8 2 .9 7 . 1 12 .7 30 .6 10.4 65 .6 147 .5 27 .8 z 
v .. .... .. .. 41 0 .0 3 .8 23 .4 3 . 1 7 .5 16 . 3 33.0 11.6 66 .0 160 .8 26.8 l'l t:"' 
f/l 
0 
* In this study females were observed only at 24-hour intervals. These data, therefore, may be unduly high due to inclusion of young that died z 
within the first 24 hours of life. 
t Ratio: Total number of young reared 
Total number retained after 
litters were reduced to 6 
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ration developed pregnancy disease than when either the Pork I or 
Beef I diets were fed. Given the opportunity to produce six litters, the 
average female in the parental generation gave birth to 3.5. The litters 
were larger, so the total number of young born per female was higher 
than in the other records studied. These females on the average reared 
more young than did those in any other group. However, high mortality 
persisted in early infancy, suggesting that the vitality .of the offspring 
born was not up to par. Of the young that survived to 4 days, a fair per-
centage was reared. Improved lactation was also indicated by the ob-
servation that 73.3 per cent of the females in the original parental group 
were now able to rear a litter-a performance in sharp contrast to that 
of the females fed either the Pork I or Beef I diets. 
The most significant finding, however, is the fact that the pattern of 
reproduction set in the parental generation was maintained in the five 
later generations studied. The decrease in the number of litters born 
per female .in the fourth and fifth generations suggested a lowering of 
fertility, but statistical analysis of the data did not support this conclu-
sion. Notable, also, is the disappearance of toxic pregnancies. 
The breeding efficiency of rats fed the four diets, as summarized in 
Table 3, clearly demonstrates the superiority of the ration containing 30 
per cent of beef (Beef II) . In this study each of the four parental groups 
was reduced to fifteen rats, litter mates being chosen insofar as possible 
in making up the dietary groups. 
With the breeding plan described, the fifteen original Pork I, Pork 
II, and Beef I rats gave rise in later generations to only twenty-two, 
thirty-three, and seventeen breeding descendants, respectively, while the 
Beef II animals produced 141. The progeny of the first three groups num-
bered only 352, 528, and 209; those of the rats fed the high beef ration, 
3,652. The last group reared well over six times as many young as any 
other. Approximately two-thirds of the litters reared met the arbitrary 
standard set, i.e., six rats per litter. 
The extent to which the performance of the Beef II-fed rats re-
presented normal behavior was next determined by a comparison of their 
breeding records with those of a group maintained on the regular stock 
colony ration known as Steenbock V. In this study, records of five rats 
were analyzed in each generation. Every breeding female was a direct 
offspring of a rat studied in the preceding generation. Although it has 
been demonstrated that doubling the quantity of beef in the basal diet 
produces marked changes in its nutritive value, the ration still is not 
nutritionally complete (Table 4). In six generations, the group of 
Steenbock V rats gave birth to 1,153 young, a record about 37 per cent 
better than that of the Beef II group. 
The general nutritive condition of the four groups of meat-fed rats 
in the first generation is interesting (Plate I). Individuals from all groups 
except the rats fed the Pork I diet seemed in good physical condition at 
the age of six months. The Pork I rat pictured does not show the extreme 
emaciation and debilitation that characterized many of these animals. 
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Except for the reproductive records, the groups fed the Beef I, Beef II, 
and Pork II diets would have been judged in equally good nutritive con-
dition, showing the fallacy of making generalizations in regard to nutri-
tional quality of diets from growth and maintenance data only. 
The difference in the physical condition of the young suckled by the 
Pork I and Beef II rats was marked. The two pairs of young rats shown 
in the plate were each 12 days old. The young belo'nging to the pork-fed 
mother weighed 10 gm. each, those to the beef-fed rat, 28 gm. The con-
TABLE 3 
P ROP AGATION OF ORIGINAL GROUPS, EACH C O MPOSED O F f IFTEEN PAIRS OF RATS, THROUGH 
Six GENER ATIONS WHE N F ED F ouR DIFFER E NT DIETS 
Total 
Number Total Total Total Number of 
Breeding Number of Total Number of Number of " Perfect"* 
Females Young Number of Young Litters Litters 
Diet Produced Born Litters R eared Reared R eared 
Pork I 22 352 64 92 17 11 
Beef I 17 209 38 62 13 4 
Pork II 33 528 79 165 32 21 
Beef II 141 3,652 509 1,652 309 209 
* A lit tt' r of six. 
trast between the offspring was not always as marked as that pictured, 
but differences in musculature, muscle tonus, and general physical de-
velopment (note eyes and hair) were always apparent, and the mothers 
given the Beef II diet without exception reared the heavier young. 
DISCUSSION 
It has been demonstrated that complete reproductive failure char-
acterized by sterility, loss of maternal rats at parturition in pregnancy 
disease, production of nonviable young, poor lactational performance, and 
sterility in the second or third generation follows the feeding to albino 
rats of a ration containing either dried autoclaved pork or beef muscle 
equivalent to 15 per cent of protein. At the time that the ration was 
originally formulated, it was believed that the response of the animals 
to the diet should serve as an index of the efficiency of meat as a source 
of dietary protein. However, before the nutritive failure can be ascribed 
even tentatively to the protein of the diet, the significance of certain data 
obtained in the course of the experiment must be considered. For ex-
ample, it was found that dried canned beef muscle had unique nutritive 
properties not possessed by pork when each was fed at a level equivalent 
to 30 per cent of dietary protein. Did the additional beef add an assort-
ment of amino acids specifically suited for reproduction, or did it supply 
essential vitamin factors, either old or new, missing in the rations con-
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F:rc. 1. Physical condition of mature rats (six months old) and of sucklings 
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taining 15 per cent of meat proteins? We felt that before these questions 
could be answered, it was necessary to re-examine the basal diets critical-
iy in terms of their adequacy in the known dietary essentials, especially 
since late developments in the field suggest the possibility of certain 
deficiencies. For instance, the effect of manipulative procedure on the 
nutritive value of various materials furnishing the dietary nutrients, the 
recently established high demands of the animal for certain of the 
better known essentials in reproduction and lactation, and postulations 
of the necessity of including newly identified nutrients in the theoretically 
adequate diet for the rat all emphasize the importance of such revalua-
tion. 
The basal pork diet (15 per cent protein) was chosen for re-testing. 
The checking of the ration has proceeded along three lines. First, with 
the demonstration that high temperatures may exert a detrimental effect 
TABLE 4 
NUMBER OF PROGENY PRODUCED BY RATS FED DIFFERENT DIETS FOR SIX GENERATIONS, EACH 
ORIGINAL GROUP COMPOSED OF FIVE RATS AND EACH SUCCESSIVE GENERATION COMPOSED OF 
FIVE DIRECT DESCENDENTS OF THE PRECEDING GENERATION. 
Number of 
Number of Number of Number of Number of Perfect * 
Young Litters Litters Young Litters 
Diet Born Born Reared Reared R eared 
---
Arbitrary 
standard set . ...... . ... 180 180 1,080 180 
Steenbock V 1,153 135 116 608 111 
Beef II t 722 105 63 317 41 
* A litter of six. 
t Records adjusted from data in preceding analysis to five rats in each group to make these 
data comparable to the records of the rats fed Steenbock V diet. 
on the nutritive value of beef proteins (Morgan, 1934), it might well be 
that denaturation, in the present instance, had lowered the quality of 
the meat proteins, generally rated of high nutritive value (Jones, 1939). 
Therefore, the quality of the proteins in the meat ration was determined 
in a series of appropriate tests. Second, in view of the ease with which 
vitamins A and E are destroyed in the presence of rancid fat (Mattill, 
1927, and Cummings and Mattill, 1931), the autoclaving also may have 
induced a sufficient rancidity of the meat fat to render the fat-soluble 
constituents in the dietary mix impotent. This possibility made assays 
of the diet for these essentials necessary. Third, the diet contained only 
5 per cent of yeast. Recent researches (Sure, 1940) have suggested that 
this quantity of yeast in the diet may not supply adequate amounts of all 
members of the vitamin B complex for reproductive function. The diet 
has been assayed in this respect by increasing the quantity of yeast in 
the ration, and by supplementing the diet either with different foods 
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considered rich in the B complex or with its specific components as they 
became available for testing. 
These experiments will be reported in later communications, but a 
brief summary at this time of the results obtained in the more important 
tests may be helpful to readers in the interpretation of the data herein 
presented. 
The biological value of the proteins (meat and yeast) of the diet is 
74. As will be noted later, a supplement of fresh liver in doses of 2 gm. 
per rat per day definitely betters the reproductive performance. The 
biological value of the mixture of pork, yeast, and liver proteins was 
found to be 72. Therefore, the effectiveness of the liver supplement can-
not be ascribed to an improvement in the quality of the dietary proteins. 
Certain amino acids, i.e., cystine, methionine, and a mixture of cystine, 
glycine, and glutamic acid, when fed as dietary supplements, do not 
materially increase the nutritive efficiency of the diet. 
The diet is adequate in the fat-soluble constituents, vitamin A, vita-
min E, vitamin D, and vitamin K. Products produced by possible rancid-
ity changes following the autoclaving of the meat apparently are not re-
sponsible for the dietary failure since the incorporation of rancid lard 
in the ration fed the stock colony does not change the normal picture 
to the one induced by feeding the basal pork diet. 
The possibility that 5 per cent of yeast in the diet furnished an 
inadequate amount of the vitamin B complex for the needs of the animal 
under the conditions of this experiment does not seem tenable because 
increasing the quantity of yeast to 15 per cent brings about only a par-
tial improvement in the reproductive performance in the parental 
generation. The beneficial effects are not as marked as those induced by 
doubling the beef protein in the basal ration. 
To date only two dietary supplements, i.e., liver (2 gm. daily) and 
one sample of lipocaic, Dragstedt's postulated pancreatic hormone (1936), 
have proved effective in preventing nutritive failure in rats fed the Pork 
I diet. The addition daily of 4 gm. of fresh pancreas, the source of lipo-
caic, produces some improvement. The protective factor in the liver 
seems labile since neither a frozen nor a heated product provides full pro-
tection. In fact, one fraction, particularly rich in the B vitamins, (Lilly 
liver extract, No. 343) increases the intensity of the disorders noted. It 
seemed that choline, whose role in fat metabolism has been elucidated by 
Best (1941) might be involved, since the feeding of the pork diet con-
sistently produces fatty livers (Armstrong and Swanson, 1943). However, 
this substance when incorporated in the diet, also aggravates the nutri-
tional disturbances characteristic of rats maintained on the basal pork 
diet. Additional riboflavin produces no beneficial effect. 
The relative effectiveness of adding certain of the factors recently 
identified as members of the B complex, such as inositol, pantothenic 
acid, biotin, and para-amino benzoic acid is being tested at present. 
Inositol appears to be without value; biotin may exert some influence. 
This group of experiments is not yet completed. 
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The results, on the whole, obtained from these many tests indicate 
that the nutritional disturbance evoked by feeding the pork diet cannot 
be ascribed to a deficiency of any of the better known nutritional factors, 
protein or vitamin. The question as to whether one of the more recently 
identified food nutrients of the B group or an entirely new factor is 
needed for the support of reproduction and lactation is being pursued 
further. Also, the interrelationship of various vitamins and their in-
fluence on the nutritional picture must be considered. The difficulties 
introduced in the solution of the problem by the complex nature of 
the meat are recognized. 
SUMMARY 
1. The respective breeding records of four groups of rats maintained, 
when possible, for six generations on supposedly adequate diets con-
taining partially dehydrated canned autoclaved pork or beef muscle in-
corporated in the rations in quantities equivalent to either 15 or 30 per 
cent of protein have been studied. 
2. Complete reproductive failure characterized the response of the 
group fed the diets containing either beef or pork equivalent to 15 per 
cent of protein. These diets, then, cannot be classed as nutritionally 
complete, although they, theoretically, carried all the essential food 
nutrients known at the time the experiment was initiated. However, ex-
periments designed to check the adequacy of the basal pork diet have 
not furnished evidence to date that the ration is deficient in the rec-
ognized food nutrients. 
3. Increasing the quantity of pork in the diet effected very little im-
provement in the response of the rats. On the other hand, the diet con-
taining 30 per cent of protein in the form of dried autoclaved beef sup-
ported life over six generations. At the end of that period, with the plan 
of breeding used, the fifteen rats composing the original group were 
represented by 3,653 progeny in contrast to 528 produced by a similar 
group of rats fed the high-pork diet. Beef, therefore, possesses certain 
nutritive qualities not characteristic of pork. 
4. Although the study was originally planned to study the role meat 
may play in the nutrition of the rat when it serves as the chief protein 
constituent in an e~perimental ration supposedly adequate in all the 
essential nutrients, it did not contribute information to that end. Instead, 
the investigation has furnished data that support the hypothesis that there 
is a specific food nutrient that is pre-eminently important in the control 
of normal reproductive function. This nutrient is present in a limited 
amount in beef muscle. 
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The effect of the various known vitamins in the host's ration upon 
parasite population is a problem that has occupied the interests of a num-
ber of investigators. Vitamins B1, B 6, and pantothenic acid have proved 
of special interest in our laboratory because of the marked effects they 
have been shown to exert upon the number of oocysts eliminated by rats 
infected with the protozoan parasite Eimeria nieschulzi. Among the most 
striking of the effects observed were reduced yields of oocysts when the 
ration was supplemented with both vitamin B1 and vitamin B6 and other-
wise somewhat submarginal in vitamin values (Becker and Dilworth1 ) , 
and increased yields when pantothenate was supplied in addition to these 
two vitamins (Becker and Smith2 ) • Since the coccidium is an inhabitant 
of the epithelium of the intestinal mucosa, it seemed that a study of the 
possible effects of the three vitamins on a blood-inhabiting protozoon 
would present an interesting comparison. 
Trypanosoma lewisi was the logical choice for such a study, not only 
because it is the only blood-inhabiting protozoon of rats that is readily 
available, but also because its development in the rat host has been so 
accurately delineated (Taliaferro and Taliaferro3). The course of an 
infection involves, first, an incubation period of up to 3 days during which 
the flagellates are not demonstrable in the blood; second, a period of multi-
plication lasting to about the tenth day, characterized by increasing num-
bers of the parasites, binary fission, and notable variability in size and 
form; third, a "crisis," followed by an abrupt decline in numbers of the 
parasites, practical absence of fission, and a high degree of uniformity in 
size and form; fourth, a period of adulthood lasting until the termination 
of the infection, a variable period, sometimes lasting until the hundredth 
day or longer; and finally, the total extinguishment of the infection and 
immunity to reinfection. The inhibition of reproduction is attributed to 
the formation of an antibody, ablastin; the extinction of trypanosomes to a 
trypanocidal antibody (Vide Taliaferro4). Against such a background 
any observed effects of vitamin feeding on the population could be sub-
jected to some degree of analysis. • 
MATERIAL AND METHODS 
The strain of Trypanosoma lewisi employed was one that appeared 
spontaneously in a rat colony on this campus. It differs from most strains 
' Jour. Inf. Dis. 68: 285, 1941. 
2 Ia. St. Coll. Jour. Sci. 16: 443, 1942. 
[431] 
432 E . R. BECKER, M. MANRESA, AND ELEANOR M. JOHNSON 
of its species in that the population in the blood of the infected rat does 
not attain anywhere near the levels reached by the others. This belief 
was confirmed by comparison with a strain secured from the laboratory 
of Dr. W. H . Taliaferro at the University of Chicago. It was ascertained, 
however, that immunity to either strain confirmed on the host immunity 
to the other. Inoculation was by the intraperitoneal injection of 1 cc. of 
diluting fluid containing from 20,000 to 40,000 trypanosomes. 
The host was the highly inbred Wistar A rat. Litters were started on 
the basal ration as they approached a mean weight of 70 gm. Feeding of 
supplementary vitamins to the test animals was not started till the eighth 
day. The entire preparation period preceding the date of infection was 14 
to 15 days. In every test the groups were derived from the same litter 
which was divided as equally as feasible in respect to sex and weight into 
two or three groups, as desired. 
The "basal" ration consisted of the following materials in parts by 
weight: dry-heated commercial casein, 20 ; dry-heated gray shorts (of 
wheat) , 10; beet sugar, 61 ; salt mixture (Harris) , 4; lard, 4; cod-liver oil, 
1. Materials to be dry-heated were distributed in thin layers in shallow 
pans and placed in an electric oven which we tried to maintain at about 
110°-115°C. for 6 full days, though at times the temperature somewhat 
exceeded the higher figure . Both casein and shorts were noticeably 
browned. Such a process is known to destroy pantothenic acid in foods 
(Kline, Keenan, Elvehjem, and Hart5 ) , and probably also vitamin K 
(Ansbacher6 ) , though the latter vitamin appears to be less important in 
rat nutrition than the former. Vitamin B 1 was employed as the synthetic 
crystalline thiamin chloride. Vitamin B 6 was in the form of the synthetic 
crystalline pyridoxine hydrochloride. The pantothenate was the syn-
thetic crystalline calcium pantothenate. The vitamins were administered 
every other day in aqueous solution directly into the rat's stomach through 
a soft rubber catheter in amounts as follows: thiamin chloride, 50µ ; pyrid-
oxine, 100µ; pantothenate, 100µ. 
Trypanosome counts were made by a method similar to that employed 
by Morrell, Chapman, and Allmark7• The blood was drawn from the 
end of the tail, and measured and mixed with diluting fluid in blood-
diluting pipettes. The diluting fluid consisted of the following dissolved 
in 100 cc. of distilled water: sodium citrate, 1.0 gm.; sodium chloride, 
0.75 gm.; glucose, 0.20 gm. Counts were made in a Levy-Hausser haemacy-
tometer with the high-dry lens of the microscope. In general the practice 
was to make the first count when the numbers in the blood reached a level 
where counting was practicable, and every other day thereafter. 
Following Taliaferro and Taliaferro3 in their earlier work, we have 
employed the coefficient of variation as an index to the rate of repro-
duction of the trypanosomes. The standard deviation was computed from 
measurements of the entire length of 50 trypanosomes, with 50 as the 
' Am. Jour. Hyg. 2:264, 1922. 
' Am. Jour. Hyg. 16:32, 1932. 
' Jour. Biol. Chem. 99:295, 1932. 
• Proc. Soc. Exp. Biol. and Med. 44: 248, 1940. 
' Am. Jour. Hyg. 25:232, 1937. 
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value of n. In a few cases, however, it was not possible to find 50 on a slide, 
so that in these few cases it was necessary to reduce the number measured 
to 25. 
EXPERIMENTAL DATA 
We are reporting in this paper only the detailed results of four experi-
ments, summarized in Table 1. There was, in addition to these, a pre-
liminary series of tests in which the casein and shorts were heated in the 
range of 100°-110°C. for 6 days. The results of these were conflicting, 
and for this reason are being omitted from this presentation, though they 
did serve to suggest that the marked reproduction of the trypanosomes 
in certain of the tests might be due to the combination of vitamin B 1 and 
vitamin B 6 supplements and lowered pantothenate content of the ration 
owing to heating. It now seems altogether possible that, for the rat, at 
least, the amount of pantothenate left in the ration after heat treatment 
at 100°-110°C. is near marginal for its requirements, which would account 
for the failure to get consistent results. The four tests with casein and 
shorts heated in the 110°-115°C. range for 6 full days gave such consistent 
results that one would appear justified in assuming that these tempera-
tures brought about considerably greater destruction of pantothenate than 
the lower. 
It is obvious from an inspection of Table 1 that the trypanosome 
counts in the rats which received the supplement of only vitamins B1 and 
B 6 were as a rule higher on the ninth day of the infection. In addition, 
they generally persisted at the high numerical level for a considerable 
length of time before a marked decline occurred. In the case of rats 1-5, 
Experiment 1, each successive count was higher until the thirteenth day, 
though even on that date it was higher for rats 1, 4, and 5. The coefficients 
of variation computed at the times of the counts indicate that reproduction 
was proceeding in these rats up until death in three cases, until the twenty-
second day in one case, and the nineteenth day in another. The infection 
in the recipients of pantothenate took quite a different course, with few 
flagellates appearing in the blood of rat 9 only on one, the seventh, day; 
in rats 6 and 7 only in the fifth, seventh, ninth, and tenth days; and 
moderate numbers for a considerable length of time in rats 8 and 10. In 
each of rats 6-10, the trypanosomes arrived at a high uniformity of length, 
as indicated by the low coefficients of variation, i.e., near or just below 5 
per cent, on either the ninth or eleventh day. 
The trypanosome counts and coefficients of variation for rats 11, 12, 
and 13 of Experiment 2 took, in general, courses similar to those for rats 
1-5 of Experiment 1, with death supervening in the case of rats 11and13. 
The population levels reached in rats 14 and 15 were more modest, though 
high as compared with the controls (rats 16-20). The coefficient of varia-
tion for the trypanosomes in rat 14 fell to 3.7 on the seventeenth day, 
while that for rat 15 sank to 3.2 on the thirteenth day. Of the recipients of 
pantothenate, rats 16-20, rats 17 and 18 did not become heavily enough 
infected to make counting practicable. Attempted reinfections on the 
tenth day after inoculation were negative. Rats 16, 19, and 20 developed 
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very light infections of short duration. In these three cases the coefficient 
of variation reached the low level indicative of adulthood by the eleventh 
day. 
Experiment 3 was an attempt to detect possible effects of omitting all 
vitamin supplements (rats 21-23), omitting B1 and B6 supplement but 
feeding pantothenate (rats 24-26) , or of feeding B1 and B 6 and omitting 
pantothenate (rats 27-29). Curiously enough, the coefficients of variation 
for all. six rats of the first two groups had dropped to the low levels indi-
cative of practical cessation of reproduction by the eighth day, and the 
population of the flagellates in the blood remained at low levels. In only 
one rat, No. 24, did the infection persist for more than 26 days. The picture 
in rats 27-29 was typical of what had been observed in Experiments 1 and 
2, with enhanced parasite population and an extended period of repro-
duction, except for rat 28 which showed positive for the flagellates on 
only three examinations on the fourth, sixth, and eighth days. The value 
of 15 per cent for the coefficient of variation on the sixth day indicates 
that the trypanosomes were reproducing efficiently, but that trypanocidal 
factors were exceedingly active in this animal despite the kind of diet. 
In Experiment 4 there was likewise a series (rats 30-33) which 
received no vitamin supplements and a series (34-37) which received 
vitamins B 1 and B 0 . Save for rat 35, which reacted much like rat 28 in 
Experiment 3, the recipients of vitamins B1 and B 6 all developed much 
higher levels of parasite population than did the non-recipients, and the 
infections lasted longer. No measurements of the trypanosomes were 
made, but it was obvious from an examination of blood smears made on 
the ninth day that fission had ceased in rats 30, 31, 33, and 35, but was still 
proceeding in rats 34, 36, 37. 
The effect of the infections on the rats is naturally one of interest in 
experiments of this kind. Since the trypanosome infections were heavier 
and the reproductive period of the trypanosomes longer in the rats of 
Experiments 1 and 2, a brief summary of the effects of these infections 
upon the rats is presented here. Records of the weight of rats 6-10 and 
16-20 show that these animals made steady gains in weight, as attested by 
a mean of 71.8 g. at the start of experimental feeding and 154.3 at the time 
they were sacrificed, the twenty-second day of the infection. Of rats 1-5 
and 11-15, five died before the experiment would have been terminated-
the twenty-second day of the infection. The ration of these ten rats was, 
of course, deficient in pantothenic acid. Nevertheless, their mean weight 
increased 16 grams during the 15-day feeding period preceding the date 
of inoculation, and steadily thereafter until by the twelfth day of the infec-
tion it had increased another 23 g. By another 2 days one rat had died, and 
seven of the remaining nine lost weight, the losses running from 1-6 
grams. By still another 2 days each surviving rat was again approximately . 
at the level of the twelfth day or higher, except two which subsequently 
died. 
The blood of the more heavily infected rats presented an altered 
picture. Before the infective date, rats 1, 4, 11, 14, 6, 9, 10, and 18 were 
selected at random for differential leucocyte counts. These were made on 
TABLE 1 
NUMBER OF TRYPANOSOMES, IN THOUSANDS, PER CUBIC MILLIMETER OF BLOOD AND COEFFICIENT OF VARIATION (IN PERCENTAGE) FOR INDIVIDUAL 
TRYPANOSOME LENGTHS FOR INFECTIONS IN RATS INVOLVED IN FouR EXPERIMENTS 
EXPERIMENT 1 
Rat Vitamin Kind of 5th 7th 9th 11th 13th 15th 17th 19th 22nd R emarks 
No. Supplement Data Day Day Day Day Day Day Day Day Day 
---------------
------
1 B,, Ba No. tryps. + 24 . 2 385 . 5 570 .0 606 . 6 . . . . . . . . ...... . . . . . . . . . . . . . Died on 13th d. c. v . (% ) - 24 .5 17. 6 4 . 5 19 . 4 . . . . . . . . . . . . . . . ... . .. . . . . . . ..... . ........ . ...... . ....... .. . 
2 B1, Ba No. tryps. 0 . 3 36 .7 343 . 2 540 .0 372.6 796.8 .... . .. . . . . . . . . . . . . . Died on 16th d . 
C. V . (% ) 16 . 4 23 . 2 16 . 1 14 . 1 13 .8 9 . 5 .... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3 B,, Ba No. tryps. 0 . 4 22 . 2 129 . 2 347 .0 229 .0 406 .0 421 . 2 228.0 .. . . . . Counts discontinued 19th d. 
c. v. (% ) ...... 17 .7 23 .8 11.8 9 . 1 10 . 2 8 . 2 7 .5 4 .0 Measurements discontinued 22nd d. 
4 B1, Ba No. tryps. 0 . 3 8 . 4 100 .0 225 . 5 344 .0 218 .0 248 . 3 237 .0 .. . ... Counts discontinued 19th d . 
c. v. (% ) 14 .8 15.3 19 .7 12 . 5 11. 5 6 . 3 7 . 1 5 . 2 2 .95 Measurements discontinued 22nd d. 
5 B1, Ba No. tryps. 0 . 1 11 .0 86 . 4 438 .0 466.2 391 . 3 ....... . . . .. . . . . . . . . Died on 16th d. 
c. v . (% ) 21 . 3 17 . 3 26 .6 27 .0 26 . 3 8 .0 . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 
6 B1, Ba, P.A. No. tryps. + 1 .6 0 .8 + - - - - - Spontaneous cure c. v. (%) . . . . . . 4 .9 3 . 2 - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . .. . ..... . ..... . .. ... . 
7 B1, B., P.A. No. tryps. + 1. 3 1 . 0 + - - - - - Spontaneous cure c. v . (% ) . . . . . . 4 .7 3.0 . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . ... . ....... . ....... . ........ 
8 B1, Ba, P.A. No. trNt 0 . 1 15.6 5 . 4 27 .7 22 . 2 31.6 12 .9 5 . 5 .. . .. . Counts discontinued 19th d. C.V. 0 ) 14 . 5 21. 9 3 . 0 5 . 4 3 .6 4 . 0 2 .6 3.2 Measurements discontinued 22nd d. 
9 B1, Ba, P.A. No. tryps. - + - - - - - .. . .... . . . . . . Spontaneous cure 
c. v. (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . ........... . ... . ..... . .... 
10 B,, Bo, P.A. No. tryps. + 8 . 4 6.2 10 .0 9 . 2 6 .0 5 . 4 2 .7 . . .. .. Counts discontinued 19th d . c. v. (%) . . . ... 17 .0 15 .8 4.14 3 . 6 3 . 4 3 .7 4 .0 4 . 8 Measurements discontinued 22nd d. 
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TABLE 1-Continued Cl') 
EXPERIMENT 2 
Rat I Vitamin Kind of 5th 7th 9th 11th 13th 15th 17th 19th 22nd t"l N~ Supplement Data Day Day Day Day Day Day Day Day Day Remarks pd 
---------------------
11 B,, Bo No. tryps. 0 . 2 4 . 1 46. 6 236 . 5 358 . 8 485 .0 500 .0 Died on 18th day l:ll . . . . . . . . . . . . . l"l c. v. (% ) 14 .9 16.4 17 . 1 22.1 16 . 8 14. 1 20 .9 . . . . . . . . . . . . . . . ... . ................... . .... . . ('") 
~ 
12 I B,, Bo I No. tryps. + 0 . 2 2 .6 25. 2 76.0 73 .5 82.0 40. 0 Counting discontinued 19th d. l"l . .. ... :' c. v. (% ) .. . ... 14 .1 24 .7 18 . 8 13 . 6 9.6 7.3 4 . 1 2 . 5 M easurements discontinued 22nd d . ~ 
13 I B1, Bo I No. tryps. + 1.2 13 .0 141.0 493 .0 . . . . . . . ..... . . . ...... . . ... . Died on 14th d . ~ c. v. (% ) . . . . . . 18 . 5 21. 7 24 . 5 18 . 3 . .. . . ... . ... . . . . . . . . . .. . . . ................. . ............. > 
14 I B,, B6 I No. tryps. + 0 .5 5 . 2 11.2 2 .6 5 .3 4 . 4 3.4 Counts discontinued 19th d. ~ . ..... fh c. v. (%) ...... 20 .0 15 .0 13.0 7. 5 5 .6 3. 7 3 . 6 2 .7 Measurements discontinued 22nd d. ? 
15 I B1, Bo I No. tryps. + 2 .0 8.6 14.0 5. 7 7 .2 6 . 9 8 . 5 ...... Counts discontinued 19th day ~ c. v. (% ) ...... 17. 5 11.6 6.9 3 . 2 2 . 9 3 . 5 3. 7 3 . 4 M easurements discontinued 22nd d. t:J 
16 I B1, Bo, P.A. I No. tryps. + 0 .7 + Spontaneous cure l"l .. . ...... . . . ....... . . . . . . . . . . . . . . . . . . . . . . t"' c. v. (% ) ...... 4 . 43 ... . ............ . .......... . ... . ............... . .......... . l"l 
> 
17 I B1, Bo, P .A. I No tryps .. Spontaneous cure z + + + . .. . . . . . . . . . . . . . . .. . . . . . . . .. . .... . . . . .. 0 
c. v. (%) :a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ... . ....... . ................ . ....... 
~ 
18 I B1, Bo, P .A. I No. tryps. . . . . . . ...... + . .... . . . . . .. . . . . .. . .. . ... . .. . . .. . . . . ..... Spontaneous cure c.., c. v. (%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .. .. .. . . . .. . . ........... . ........... . .. . .. . . 0 
::i:: 
19 I B1, Bo, P.A. I No. tryps. 0.1 2 . 5 1.8 1.2 0 .2 ....... . . ... . . . . . . . . Spontaneous cure z . . .. . en c. v. (%) 16 .0 16 . 3 18 . 4 3 .98 5 . 14 ..... . . . . . .. . . . . . . . . . . . . . ....... . ......... . . . ....... 0 
z 
20 B1, Bo, P.A. I No. tryps. + 0 .7 0.4 0 . 3 + . . . . . ... ... . . . . . . . . . ... .. Spontaneous cure 
c. v. (%) . . . . . . 22.3 12 .7 5 . 1 . .. . . .. . . . . . ..... . . . . . . . . . . . . . . . . ......... . ........... . .... . .... 
TABLE 1-Continued 
EXPERIMENT 3 
Vitamin 
Rat Supple- Kind of 4th 6th 8th 10th 12th 14th 16th 18th 25th 29th 35th 65th > No. ment Data Day Day Day Day Day Day Day Day Day Day Day Day Remarks t:D 
--------------------
t"' 
> 21 None No. tryps. 0 .5 9 .1 4 . 8 3 . 9 3 .2 2 .4 1.8 2 .0 5 .0 ...... . . . . . . . . . . . . Spontaneous cure t/l 
c. v. (%) 16 .0 18 .0 4.1 4 . 3 3 .81 3 .6 3 .7 1. 31 3 . 9 ..... . . . . . . . . . . . . . . ..... . ............... ~ () 
22 I None I No. tryps. 0 . 2 10 .2 3 .5 4 .2 5 .6 3.2 1.1 + + ...... . . . . . . . . . . . . Spontaneous cure > n c. v . (%) 21. 9 13 . 8 5.1 5 . 2 4 .8 4.2 3 .8 3.4 ...... . . . . . . . . . . . . . . . ... . .... . ........ . ...... . ,., 
H 
0 
23 I None I No. tryps. 0 . 3 2 . 1 0 .4 0 . 3 0 .2 . . . . . . . . . . . . ...... .. . . . . . . . . . . . .. . .. . .... . Spontaneous cure z 
C. V. (%) 17.7 8.3 5 . 6 5 .8 5 .0 ...... . . . . . . . . . ... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. .. . . . . . . . ~ 
24 I P. A. I No. tryps. 0 . 5 5 . 4 4 . 3 6.6 4 .1 3 . 6 2 .8 0 .8 1.8 0 .8 0 .6 0 .3 Infection lasted 70 d. ,., :i:i C. V. (%) 22 .5 17. 5 3 . 6 3 .7 5 .1 4 .1 4 . 3 4.6 4 .7 3 .8 3 .4 2 . 8 ............. . ..... . .. ~ 
25 I P. A. I No. tryps. 0 . 1 0 .2 > . . . . . . .. . .. . . ..... . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . z 
c. v. (%) 6 .7 8 .8 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . .. . . . . . . . . . . . . . . . . . . . ................... 0 t/l 
0 
26 I P . A. I No. tryps. + 1. 8 1. 3 1. 9 0 .9 . . . . . . . ..... . . . . . . . . . . . . . . . . . . . .. .. . . . . ... . . . . . . . . . . . . . . . . . . . . . . ~ c. v. (%) 15 . 6 20 . 1 4 . 9 4 . 1 4 .3 . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . ... . .. . ..... . ............ . . . > 
H 
27 I B1, B6 I No. tryps. + 0 . 1 8 .0 13 .6 17 . 8 21.2 11.2 16 . 5 16 .8 18.4 5 .0 4 . 1 Infection lasted 105 d. z "I c. v . (%) 19 . 2 20 .2 12 . 3 9 .0 4 . 5 4.1 3 . 2 3 .2 1. 5 4 . 9 3 .7 4 .2 ...... . ............... l"l n 
\ ~ 28 I B1, Bo No. tryps. + 0 .2 + ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . ..... Spontaneous cure 0 c. v. (%) ... .. . 15 .2 . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . ... . . . ..... . . . . . . . . . . . . . . . . . . . . . . z 
29 I B,, B. No. tryps. 0 . 2 18 .7 88 .2 99 . 1 100.4 121 .0 117 .0 77.0 65 .0 49 .0 36 .0 22 . 8 Infection lasted 123 d. 
C. V. (%) 16 . 6 22 . 1 18 . 7 14 .4 8 . 6 6.2 5 .4 4 . 2 3 . 1 2 .8 2 . 5 3 .8 .. .. ......... . ..... . .. 
,;:.. 
~ 
~ 
Rat Vitamin Kind of 5th 7th 9th 
No. Supplement Data Day Day Day 
------
30 None No. tryps. + 0 . 2 1.4 
31 None No. tryps. + 0.3 0.8 
32 None No. tryps. - - -
33 None No. tryps. + 0 . 3 1 .8 
34 B,, Bs No. tryps. + 0 . 4 13 . 2 
35 Bz, Bs No. tryps. - - + 
36 B1,B& No. tryps. - 0 . 2 1. 5 
37 Bz, Bs No. tryps. + 0 . 3 12 .0 
TABLE 1-Coiztinued 
EXPERIMENT 4 
11th 13th 15th 
Day Day Day 
17th 
Day 
- -----------
1. 3 1.8 0 .7 0 . 3 
0 . 8 + - -
+ - - -
2.4 1.5 1.3 0.6 
56.0 62 . 6 108 .0 117 . 0 
- - - -
3.0 7 . 5 6.4 3. 1 
44 . 6 71. 6 96.0 140.0 
19th 25th 
Day Day 
- --
- -
- -
- -
0 . 3 -
87 . 3 48.0 
- -
+ -
59.4 61. 7 
-
Remarks 
Spontaneous cure 
Spontaneous cure 
Spontaneous cure 
Spontaneous cure 
Spontaneous cure about 96th d. 
Spontaneous cure 
Spontaneous cure 
Spontaneous cure about 106th d. 
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the following dates: a week before inoculation, the date of inoculation, the 
fifth day of the infection, the thirteenth day of the infection, and in the 
survivors, on the twenty-first day of the infection. These data are not 
being presented here in detail, principally because we intend to make a 
much more thorough study of this phase of the problem later. There was, 
in rats 1, 4, 11, and 14, a drop in lymphocytes from 69.5-85.0 per cent on 
the first count to 35.5-52.0 per cent on the fourth and fifth counts, using 
figures for the fourth count in rats that died and for the fifth count in the 
survivors. At the same time, the neutrophil counts rose from 7.9-21.0 
per cent to 42.0-57.5 per cent on the same dates. The corresponding data 
for rats 6, 9, 10, and 18, all recipients of pantothenic acid, were as follows: 
for lymphocytes a drop of 73.5-89.6 per cent to 60.5-83.0 per cent; for 
neutrophils, a rise from 5.0-14.0 per cent to 15.5-30.0 per cent. It is obvious 
that the effects on the differential leucocyte count were markedly more 
pronounced in the case of the rats which received vitamins B 1 and B 6 but 
no pantothenate. No blood studies were made on the remaining rats. 
DISCUSSION 
The strain of T. lewisi which was employed in the experiments de-
scribed above is one which does not ordinarily attain a dense population 
in the blood of the white rat. We have repeatedly observed sparse experi-
mental infections in rats raised on the well-balanced stock ration with 
which the colony is maintained. The trypanosome counts for six such 
white rats infected with about 40,000 of this strain ranged from 8-40 
thousand per cmm. on the ninth day. In contrast, 6 rats infected with a 
strain received from the laboratory of Dr. W. H. Taliaferro gave counts 
ranging from 150-420 thousand on the same day. The sparse counts for 
the rats of Experiments 1 and 2 which received pantothenate and vita-
mins B 1 and B 6 , as well as those of Experiments 3 and 4 which received 
no vitamin supplement or only pantothenate, also testify to the high 
resistance of the host against this strain of T. lewisi. The ability of the 
trypanosome to multiply in the rat cannot be questioned, however, for in 
many cases, such as in rats 8, 10, 19, 20, 22, 24, etc., the values for the 
coefficient of variation reached moderately high levels. In every case 
among rats 6-10, 16-20, and 21-27 either the infection was terminated or 
the coefficient of variation reached the low level of around 5.0 per cent 
or lower, which indicates cessation of reproduction and adulthood, by the 
tenth or eleventh day. 
It is obvious that severe restriction of pantothenate in the regimen of 
rats receiving liberal supplement of vitamins B 1 and B 6 resulted in the 
parasite attaining significantly higher population densities in the circulat-
ing blood. Is this phenomenon, which appears on the surface at least to be 
owing to decrease in the host's resistance, attributable to loss in efficiency 
of ablastin production, or to partial failure of the trypanocidal antibody? 
Considering the former possibility first, the coefficients of variation de-
rived from the measurements of the flagellates from these rats tell the 
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story of an extended reproductive period, lasting up to the nineteenth 
day. Thus it is certain that the efficiency of ablastic action was interfered 
with, whether by interference with the production of ablastin or by the 
acquirement on the part of the trypanosomes of an unusual degree of 
vigor enabling them to continue reproduction for a while in the face of 
the accumulating concentration of ablastin. On the surface at least, the 
shorter duration of the infections in the rats in which the coefficient of 
variation of trypanosome size sank to "adult" levels on the tenth or 
eleventh day seems to argue for decreased trypanocidal activity as well as 
decreased ablastic action in the rats with the higher flagellate counts. It 
has been confirmed several times, however, that commencing the feeding 
of pantothenate early in "adulthood" will not depress the numbers of 
trypanosomes in the least. 
It is to be recalled that Taliaferro, Cannon, and Goodloe8 have re-
ported that splenectomy in young T. lewisi- and Bartonella- infected rats, 
when performed on the day of infection or 5 to 10 days later, extended the 
reproductive phase of the trypanosomes or caused it to recur. Similar 
results with some variations were obtained in older rats also. Splenectomy 
of young, healthy, Bartonella-free rats, however, did not affect the length 
or character of the reproductive phase. Thus Bartonella-infection became 
intercurrent in the trypanosome infection when the restraining action of 
the host's natural defense against Bartonella was rendered defective by 
splenectomy. Taliaferro et al.8 also showed that removal of the spleen 
influences the formation of the trypanocidal antibody, particularly in 
Bartonella-infected rats. 
It is possible that we also have influenced the course of the trypano-
some infection by releasing a Bartonella-infection from normal restraints 
in the host, except that we employed dietary rather than operative meth-
ods. There is a great deal of positive evidence that such is the case. In the 
first place, Bartonella-like bodies were frequently seen in the blood smears 
of the rats with the modified infections; secondly, the differential leucocyte 
counts previously described were indicative of Bartonella-infection; and, 
thirdly, the ratios of a number of spleen and body weights fell somewhere 
between the values which Taliaferro et al.8 (p. 28) give for "rats infected 
with Bartonella, but not T. lewisi," and "rats infected with both Barton-
ella and T. lewisi." If our success in modifying the course of T. lewisi 
infection could be attributed to intercurrent Bartonella-infection, then the 
enhanced numbers of trypanosome in the host's blood will have to be con-
sidered of pathognomonic rather than pathogenic significance. If so, the 
deaths of certain of the rats would have to be ascribed to bartonelliasis 
rather than trypanosomiasis. 
CONCLUSIONS 
1. The trypanosome population in Trypanosoma lewisi infection can 
be markedly increased by supplementing the regimen of the host with 
liberal amounts of vitamin B1 and vitamin B 6• 
8 Am. Jour. Hyg. 14:1, 1931. 
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2. The increased population is largely attributable to a decrease in 
the efficiency of the action of ablastin, the trypanosome-reproduction in-
hibiting antibody manufactured by the rat. 
3. There appears also to be a decrease in the effectiveness of the 
trypanocidal reaction of the host, but this may be illusory. 
4. The available evidence strongly suggests that intercurrent Barton-
ella-infection may be responsible for both the altered behavior of the 
trypanosome, death, and other pathologic consequences. 
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SUBJECT INDEX 
Ablastic action in Trypanosoma lewisi 
infection, reduction by withholding 
pantothenic acid from the host's diet, 
431 
Absorption spectra 
of solids, 149 
of some neodymium compounds, 106 
Abstracts of doctoral theses, 23-162 
Acalypta sauteri, 14 
Acetylmethylcarbinol, microbiological 
formation of, 120 
Acid oxidation method for determining 
soil carbon, 104 
Acids, organic, action on cornstalk lignin, 
241 
Acysta australica, 15 
Aerobacter indologenes, intermediary 
metabolism of, 123 
Aeschyntelus Stal, 203 
Agraphopus Stal, 204 
Alcohol, ethyl, catalytic decomposition of, 
in the presence of magnesium oxide, 
37 
Aliphatic compounds, high-molecular-
weight, of nitrogen and sulfur, 85 
Aluminum salts, mordanting of wool with, 
49 
Amblystira 
amica, 17 
socia, 17 
solida, 16 
notice of correction, 276 
American Coot, ecology and manage-
ment of, 126 
Amylases, fungal, as saccharifying agents 
in the ethanol fermentation of starchy 
materials, 71 
Antimalarial syntheses, application of 
lithium compounds of nitrogen 
heterocycles to, 129 
Arhyssus Stal, 202 
Atheas paganus, 15 
Bacillus dextrolacticus, metabolism of, 25 
Bacteria 
heterotrophic, intermediary meta-
. bolism of, 123 
lactic acid, metabolism of, 25 
from surface water supplies, some 
characteristics of, 40 
Bacterial respiration, relationship of fuc:a-
tion of carbon dioxide in oxalacetic 
acid to, 93 
Bacteriological studies on some Iowa 
creamery water supplies, 43 
Base exchange equations applied to Iowa 
soils, 103 
Beets, sugar, influence of soil and cultural 
practices on the sucrose content of, 
163 
Biochemical stu~y on fluorine, 91 
Bionomics of Iowa mosquitoes, 111 
Boll weevil, Mexican cotton, 64 
Bollworm, cotton, 64 
Botanical survey in the Iowa lake region 
of Clay and Palo Alto counties, 277 
annotated list, 346 
biotic influences, 291 
climate, 281 
flora, 325 
geology, 286 
glacial history, 286 
natural vegetation, 295 
physical environment of the vegeta-
tion, 281 
physiography, 288 
soils, 287 
vegetation, 281 
Brachycarenus Fieber, 202 
Breeding records of rats fed certain diets 
containing meat, 417 
Butter, unsalted, flavor development in, 
77 
Carbon, soil, acid oxidation method for 
determining, 104 
Carbon dioxide in oxalacetic acid, fixa-
tion of, 93 
[662] 
SUBJECT INDEX 663 
Carburization, pack, reaction mechanism 
of, 28 
Carotin-the principal pigment respon-
sible for variations in coloration of 
the adult grasshopper, 191 
Catalysts, soil, dephosphorylation of cer- · 
tain forms of organic phosphorus by, 
108 
Catalytic decomposition of ethyl alcohol 
in the presence of magnesium oxide, 
37 
Charadriiformes in northwestern Iowa, 
food habits of, 133 
Cheese, edam, 46 
Chloramines, germicidal efficiency of, 155 
Chloride, sulfuryl, photochemistry of the 
formation of, 95 
Chlorination, water, microorganisms sur-
viving, 34 
Chlorpicrin, response of some field crops 
on soil treated with, 213 
Cholestadienes, preparation of, 80 
Cholestatrienes, preparation of, 80 
Cholestenes, preparation of, 80 
Clay county, Iowa, botanical survey in; 
see Botanical survey in the Iowa lake 
region of Clay and Palo Alto counties 
Coactions, food, of Northern Plains Red 
Fox, 117 
Configuration of starch and its crystalline 
degradation products, 60 
Coloration of the grasshopper 
carotin responsible for variations in, 
191 
some factors influencing, 69 
Conservation, soil and water, relation of 
secondary plant succession to, 175 
Constitution, genetic, effect of, on ability 
of maize seed to germinate in cold 
soil, 138 
Coot, American, ecology and manage-
ment of, 126 
Corizomorpha Jakovlev, 204 
Corizus Fallen, 200 
Cornstalk lignin, action of organic acids 
on, 241 
Corycera 
fortis, 18 
vallaris, 18 
Cotton, insect pests of, 63 
bollworm, 64 
Cotton, insect pests of-continued 
flea hopper, 63 
Mexican boll weevil, 64 
thrips, 65 
Creamery water supplies, Iowa, bacteri-
ological studies on, 43 
Crystalline degradation products of 
starch, configuration of, 60 
Cultural practices, influence on the su-
crose content of sugar beets, 163 
Cynaeus angustus Le C., morphology of 
the digestive tract of, 221 
Cysteochila 
chiniana, 5 
franzeni, 4 
suensoni, 5 
undosa, 6 
Decomposition, catalytic, of ethyl alcohol 
in the presence of magnesium oxide, 
37 
Degradation products of starch, crystal-
line, configuration of, 60 
Dephosphorylation of certain forms of 
organic phosphorus by exo-enzyme 
systems of growing roots and by soil 
catalysts, 108 
Dictotingis, 8 
gibberis, 8 
Diets containing meat, breeding records 
of rats fed on, 417 
Digestive tract of Cynaeus angustus Le C., 
morphology of, 221 
Doctoral theses, abstracts, 23-162 
Drying ideal porous materials, mechan-
ism of, 51 
Ecology and management of the Ameri-
can Coot, 126 
Edam cheese, 46 
Eimeria nieschulzi-growth-promoting po-
tency of feeding stuffs, nature of, 257 
Embryological development of the ·endo-
crine organs of the common fowl, 145 
Endocrine organs of the common fowl, 
embryological development and phy-
siology of, 145 
Epimixa roboris, 12 
Equilibrium 
in the hydrogen-methane-steel sys-
tem, 66 
statical, of skew and sector-shaped 
plates, 141 
664 SUBJECT INDEX 
Esocamphylia hackeri, 14 
Eteoneus 
ccmfectus, 7 
peroronus, 7 
Ethanol fermentation of starchy materials, 
fungal amylases as saccharifying 
agents in, 71 
Ethyl alcohol 
catalytic decomposition of, in the 
presence of magnesium oxide, 37 
as a solvent in the extraction of soy-
bean oil, 100 
Exo-enzyme systems of growing roots, 
dephosphorylation of certain forms of 
organic phosphorus by, 108 
Extraction of oil from soybeans using a 
mixture of trichloroethylene and 
ethyl alcohol as a solvent, 100 
Fats in the tissues of rats fed a diet con-
taining dried autoclaved pork muscle, 
distribution and partition of, 158 
Feeding stuffs, nature of Eimeria nie-
schulzi-growth-promoting potency of, 
257 
Fermentation, ethanol, of starchy mater-
ials, 71 
Fermentation media, semi-micro method 
for determination of reducing sugars 
in, 251 
Field crops, response on soil treated with 
chlorpicrin, 213 
Fixation of carbon dioxide in oxalacetic 
acid and its relationship to bacterial 
respiration, 93 
Flavor development in unsalted butter, 77 
Flea hopper, cotton, 63 
Fluorine, biochemical study on, 91 
Food coactions of the Northern Plains 
Red Fox, 117 
Food habits of shorebirds in northwestern 
Iowa, 133 
Fowl, common, embryological develop-
ment and physiology of the endocrine 
organs of, 145 
Fox, Northern Plains Red, food coactions 
of, 117 
Fulica americana americana Gmelin, ecol-
ogy and management of, 126 
Fungal amylases as saccharifying agents 
in the ethanol fermentation of starchy 
materials, 71 
Furan compounds, rotatory power of, ef-
fect of reduction on, 161 
Gallus domesticus, embryological devel-
opment and physiology of its en-
docrine organs, 145 
Genetic and morphologic characters af-
fecting the popping expansion of pop-
corn, 98 
Genetic constitution and processing 
methods, effect of, on the ability of 
maize seed to germinate in cold soil, 
138 
Germicidal efficiency 
of chloramines, 155 
of hypochlorite solutions, 114 
Germination of maize seed in cold soil, 138 
Grasshopper 
coloration of, 69 
adult, carotin responsible for varia-
tions in coloration of, 191 
Haemaphysa.lis leporis-palustris, 205 
Hemiptera, 1, 197 
Heterotrophic bacteria, intermediary 
metabolism of, 123 
High-molecular-weight aliphatic com-
pounds of nitrogen and sulfur, 85 
Homoptera, 443 
Host and seasonal notes on the rabbit 
tick, Haemaphysalis leporis-palustris, 
205 . 
Hydrogen-methane-steel system, 66 
Hydrogen overvoltage, addition of salts 
on,54 
Hypochlorite solutions, germicidal effi-
ciency of, 114 
Inoma angusta, 16 
Insect pests of cotton, 63; see also Cotton 
Intermediary metabolism of certain 
heterotrophic bacteria, 123 
Iowa creamery water supplies, bacter-
iological studies on, 43 
Iowa lake region, botanical survey in; see 
Botanical survey in the Iowa lake 
region of Clay and Palo Alto counties 
Iowa mosquitoes, bionomics of, 111 
Iowa soils, base exchange equations ap-
plied to, 103 
Iron pentacarbonyl as a solvent and re-
action medium, 7 4 
Lactic acid bacteria, metabolism of, 25 
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Lanthanum, organometallic compounds of, 
88 
Leptodictya galerita, 19 
Leptopharsa ruris, 20 
Lignin, cornstalk, action of organic acids 
on, 241 
Limacocarenus Kiritshenko, 204 
Liorhyssus Stal, 202 
Lithium compounds of nitrogen hetero-
cycles, application to anti-malarial 
syntheses, 129 
Maccevethus Dallas, 202 
Magnesium oxide, catalytic decomposition 
of ethyl alcohol in the presence of, 37 
Maize, variability of Nigrospora on, 263 
Maize seed, germination in cold soil, 138 
Management of the American Coot, 126 
Meat 
breeding records of rats fed diets con-
taining, 417 
in nutrition, 158 
Media, fermentation, semi-micro method 
for determination of reducing sugars 
in, 251 
Melanoplus bivittatus Say 
. carotin responsible for variations in 
coloration of, 191 
coloration of, 69 
Metabolism 
intermediary, of certain heterotrophic 
bacteria, 123 
of the lactic acid bacteria, 25 
Metalation of sulfur-containing organic 
compounds, 152 
Mexican cotton boll weevil, 64 
Microbiological formation of acetyl-
methylcarbinol, 120 
Microorganisms surviving water chlorina-
tion, 34 
Mordanting of wool with salts of alum-
inum, 49 
Morphologic characters affecting the pop-
ping expansion of popcorn, 98 
Morphology of the digestive tract of 
Cynaeus angustus Le C., a tenebrio-
nid, 221 
Mosquitoes, Iowa, bionomics of, 111 
Myxobacteria, their utilization of carbo-
hydrates, 227 
Neodymium compounds, absorption spec-
tra of, 106 
Niesthrea Spinola, 201 
Nigrospora on maize, variability of, 263 
Nitrogen, high-molecular-weight alipha-
tic compounds of, 85 
Nitrogen heterocycles, lithium com-
pounds of, application to antimalarial 
syntheses, 129 
Northern Plains Red Fox, food coactions 
of, 117 
Nutrition, meat in, 158 
Oedotingis Drake, 19 
Organic acids, action on cornstalk lignin, 
241 
Organic compounds, sulfur-containing, 
metalation of, 152 
Organic phosphorus, availability of cer-
tain forms of, to plants and their de-
phosphorylation of exoenzyme sys-
tems of growing roots and by soil 
catalysts, 108 
Organometallic compounds of titanium, 
zirconium, and lanthanum, 88 
Overvoltage, hydrogen, addition of salts 
on, 54 
Oxalacetic acid, fixation of carbon dioxide 
in, 93 
Oxidation 
cid, method for determining soil 
carbon, 104 
changes of starch during, 57 
Pack carburization, reaction mechanism 
of, 28 
Palo Alto county, Iowa, botanical survey 
in; see Botanical survey in the Iowa 
lake region of Clay and Palo Alto 
counties 
Pantothenic acid, reduction in the effi-
ciency of ablastic action in Trypano-
soma lewisi infection by withholding 
from the host's diet, 431 
Parada 
popla, 3 
popla nigrantis, 4 
t01·ta, 4 
Peliochrous Stal, 204 
Pentacarbonyl, iron, as a solvent and re-
action medium, 7 4 
Perissonemia 
malaccae, 3 
occasa,2 
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Phasianus colchicus torquatis Gmelin, in 
north-central Iowa, production of, 31 
Pheasant, ring-necked, in north-central 
Iowa, 31 
Phosphorus, organic, availability of cer-
tain forms to plants, 108 
Photochemistry of the formation of sul-
furyl chloride, 95 
Photoelectric spectrophotometer for an-
alytical research, design and con-
struction of, 82 
Physatocheila 
civatis, 10 
objicis, 10 
or.ientis, -9 
ruris, 11 
veteris, 10 
Physiology of the endocrine organs of the 
common fowl, 145 
Pigment responsible for variations in the 
coloration of the adult grasshopper-
carotin, 191 
Plant succession, secondary, relation to 
soil and water conservation, 175 
Plates, skew and sector-shaped, statical 
equilibrium of, 141 
Popcorn, popping expansion of, 98 
Popping expansion of popcorn, 98 
Pork muscle, dried autoclaved, distribu-
tion and partition of fats in certain 
diets containing, 158 
Porous materials, ideal, mechanism of 
drying of, 51 
Potency of feeding stuffs, Eimeria nie-
schuZzi-growth-promoting, nature of, 
257 
Power, rotatory, of some furan com-
pounds, effect of reduction on, 161 
Processing methods, effect of, on the 
ability of maize seed to germinate 
in cold soil, 138 
Production of the ring-necked pheasant 
in north-central Iowa, 31 
Psyllidae (Homoptera), 443 
Psyllids of America North of Mexico, 443 
(see also Index to, Vol. XVII, No. 4,, 
p. 659) 
Psyllinae, 454 
Rabbit tick, host and seasonal notes on, 
205 
Raman spectra of some sugars, 136 
Rats 
fed certain diets containing meat, 
breeding records of, 417 
fed a diet containing dried autoclaved 
pork muscle, distribution and 
partition of fats in certain tissues 
of, 158 
Reaction mechanism of pack carburiza-
tion, 28 
Reaction medium and solvent, iron pen-
tacarbonyl as, 74 
Red Fox, Northern Plains, food coac-
tions of, 117 
Reducing sugars in fermentation media, 
semi-micro method for determination 
of, 251 
Reduction in the efficiency of ablastic 
action in Trypanosoma lewisi infec-
tion by withholding pantothenic acid 
from the host's diet, 431 
Respiration, bacterial, 93 
Rhopalidae, key to the tribes of, 197 
Rhopalini, key to the genera of, 198 
Rhopalus Schilling, 200 
Ring-necked pheasant in north-central 
Iowa, production of, 31 
Rotatory power of some furan compounds, 
effect of reduction on, 161 
Saccharifying agents in the ethanol fer-
mentation of starchy materials, fun-
gal amylases as, 71 
Salts of aluminum, mordanting wool with, 
49 
Secondary plant succession, relation to 
soil and water conservation, 175 
Sector-shaped plates, statical equilibrium 
of, 141 
Semi-micro method for the determination 
of reducing sugars in fermentation 
media, 251 
Shorebirds in northwestern Iowa, food 
habits of, 133 
Skew and sector-shaped plates, statical 
equilibrium of, 141 
Soil 
carbon, acid oxidation method for 
determining, 104 
catalysts, dephosphorylation of cer-
tain forms of organic phosphorus 
by, 108 
conservation, relation of secondary 
plant succession to, 175 
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Soil-continued 
influence on the sucrose content of 
sugar beets, 163 
treated with chlorpicrin, response of 
some field crops on, 213 
Soils, Iowa, base exchange equations ap-
plied to, 103 
Solids, absorption spectra of, 149 
Solvent and reaction medium, iron pen-
tacarbonyl as, 74 
Soybean oil, extraction of, 100 
Spectra 
absorption, of solids, 149 
absorption, of some neodymium com-
pounds, 106 
raman, of some sugars, 136 
Spectrophotometer, photoelectric, for an-
alytical research, 82 
Starch 
and its crystalline degradation pro-
ducts, configuration of, 60 
during oxidation, changes of, 57 
Starchy materials, ethanol fermentation 
of, 71 
Statical equilibrium of skew and sector-
shaped plates, 141 
Stephanitis aucta, 20 
Stictopleurus Stal., 203 
Streptococcus paracitrovorus, intermed-
iary metabolism of, 123 
Sucrose content of sugar beets, influence 
of soil and cultural practices on, 163 
Sugar beets, influence of soil and cultural 
practices on the sucrose content of, 
163 
Sugars 
raman spectra of, 136 
reducing, in fermentation media, 
semi-micro method for determi-
nation of, 251 
Sulfur, high-molecular-weight aliphatic 
compounds of, 85 
Sulfur-containing organic compounds, 
metalation of, 152 
Sulfuryl chloride, photochemistry of the 
formation of, 95 
Surface water supplies, some character-
istics of bacteria from, 40 
Tanybyrsa, 21 
Teleonemia 
bahiana, 1 
chacoana, 1 
paraguayana, 2 
Tenebrionid, morphology of the digestive 
tract of, 221 
Theses, doctoral, abstracts of, 23-162 
Thrips, on cotton, 65 
Tick, rabbit, host and seasonal notes on, 
205 
Tigava 
corumbiana, 12 
ugandana, 11 
Tingis veteris, 13 
Tingitidae, new, 1 
Titanium, organometallic compounds of, 
88 
Trichloroethylene and ethyl alcohol as a 
solvent in the extraction of soybean 
oil, 100 
Triozinae, 545 
Trypanosoma lewisi infection, reduction 
in the efficiency of ablastic action by 
withholding pantothenic acid from 
the host's diet, 431 
Water 
chlorination, a study of some micro-
organisms surviving, 34 
conservation, relation of secondary 
plant succession to, 175 
supplies, surface, characteristics of 
bacteria from, 40 
supplies, Iowa creamery, bacteriologi-
cal studies on, 43 
Weevil, Mexican cotton boll, 64 
Wool, mordanting of, with salts of alum-
inum, 49 
Zirconium, organometallic compounds of, 
88 
